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THE  UNITED  STATES  AVY 

GUARDIAN  OF  OUR  COUNT41Y 

The  United  StatBB  Navy  is  responsible  for  maintaining  control  of  the  sea 
and  is  a  ready  force  on  watch  at  homeland  overseas,  capable  of  strong  . 
action  to  preserve  the  peace  or  of  instant  offensive  action  to  win  in  war. 

It  is  upon  the  maintenance. of  this  <:ontroT^that  our  c'ourltry's  glorious 
'future  depends;  the  United  States- Navy  exists  to  rnakfe  It  so. 

WE  SERVE  WITH  HONOR 

Tradition,  valor,  and  victory  are  the  Navy's  heritage  from  the  past.  To 
these  may  be  added  dedicatidn,  discipline,  and  vigilance  as  the  watchwords 
of  the  present  and  the  future.  ^  ^ 

At  horT)e  or  on  distant  stations  we  serve  with  prtde,  confident  m  the  respect 
of  our  cguntry.  our  shipmates,  and  our  families. 


Our  responsibilities  sober  us;  Our  adversities  strengthen  us. 
Service  to  God  and  Country  is  our  special  privilege.  We  serve  with  honor. 

THE  FUTURE  OF  THE  NAVY 

The  Navy  wilf  always  employ  new  weapons,  new  techniques,  and 
greater  power  to  protect  and  defend  the  United  States  on  the  sea,  under 
the  sea,  and  in  the  air.  * 

.Now  and  in  the  future,  control  of  the  sea  gives  the' United  States  her 
greatest  advantage  for  the  maintenance  of  peace  and  for  victory  in  war. 

Mobility,  surprise,  dispersal,  and  offensive  power  are  the  keynotes  of 
the  new  Navy.  The  roots  of  the  Navy  lie  in  a  strong  belief  in  the 
future,  in  continued  dedication  to  our  tasks,  ^affd  in  reflection  on  our 
heritage  from  the  past. 


I^ever  have  our  opportunities  and  our  responsibilities  been  greater. 
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'  .      CHAPTER  1 

THE  GUNNER'S  MATE  G  RATING. 


This  training  manual  has  been  prepared  for  to  accept  certain  re^nsibilities  for  the  work, 

men  of  the  regular  Navy  and  of  the  Naval  Re-  of  others.  As  you  advance  in  your  care,er,  you. 

serve,  not  only  for  the  purpose  of  advdncement  accept  responsibilities  in  military  matters  as 

4n  rating  but  also  to  increase  >  our  knowledge  well  as  the  occupational  requirements  of  the  GMG 
Mn  the  various  aspects  .of  the  Gunner's  Mate  'rate. 

Dating.  This  knowledge  includes  technical  train-  Your  responsibilities  for  military  leadership^ 

ing  in  the  maintenance,  operation,  and  repair  are  about  the  same  as  j^those  of  petty  officers  . 

of  hydraulics,  maintaining  and  trouble- shootiri|  in  other  ratings  since  every  petty  officer  is  a 

electrical  and  electronic  circuits,  and  the  skills  militaryman  as  well  as  a  technical  specialist, 

necessary  for  the  maintenance  <ind  repair  ofHhe  .  Your  responsibilities  for  technical  leadership 

mechanical  exponents  of  gun  mounts,  and  rocket  are  special  to  your  ratting  and  directly  related* 

launchers.  The  Gunner's  Mate  quJifications  used  to  your  work  as  a  GMG.  The  operation  and  ^ 

in  the  preparation  of  this  manual  aie  contained  maintenance  of  a  ship's  weapon  system  requires 

in  the  Manual  of  Qualifications  for  Advancement,  team  work.  It  requires  a, special  kind  of  leader- 

NAVPERS  18068-C,  and  will  not  be  repeated  ship  ability  that  .can  be  developed  only  by  per- 

in  this  manual.  It  iS  recommended  that  >ou  stud>  sonnel  who  have  a  high  degree  of  technical 

the  GM  Section  of  NA\PERS  18O68-C  to  gain  competence  and  deep  sense  of  personal  responsi- 

an  understanding  of  the  skills  and  knowledge  bilrty.  Strive  to  improve  your  leadership  ability 
required  of  a  Gunner's  Mate.                            ♦  and  technical  knowledge  through  study,  obser- 

This  manual  has  been  organized  to  give  you  a  vation,  and  practical  application, 
systematic  understanding  of  your  job.  For  infor- 
,mation  about  the  material  covered  in  the  manual,         ^        .  , 

refer  to  the  chapter  subject  matter  outline.  §tudy  ^  THE  ENLISTED  RATING  STRUCTURE 

the  subject  matter  of  this  manual  carefully,  it.  '  ^> 

will  not  only  help  you  toward  advancement  but  ^        The  two  main  types  of  ratings  in  the  present 

expand  your  knowledge  of  navaJ  oidnctnce,  and'  enlisted  rating  structure  are  gener^^  ratings  and 

this  knowledge  \yill  benefit  you  in  your  desire  service  ratings.' 

to  '  become  a  more  proficient  technician  and  ^       GENERAL  RATING  identifies  broad  occupa- 

benefit  the  Navy  by  utilizing  the  skills  of  a  tional  fields  of  related  duties  and  functions, 

proficient  craftman.  '  Some  general  ratings  .include  service  ratings; 

By  increasing  your  knowledge  and  skills  in  others  do  not.  General  ratings  are  applicable  to 

the  field  of  ordnance,  the  rewards  and  re&ponsi-  both  Regular  Navy  and  Naval  Reserve  personnel, 
bllitles  thro^gh  advancement  in  rate  Increase.         SERVICE  RATING  Identifies  subdivisions  or 

The  satisfaction  of  getting  ^ahead  in  >our  chosen  specialties  '  within  ^  %  general  rating.  Although 
-career,  plus  higher  pay,  greater  prestige,  and    .  service  ratings  can  exist  at  any  petty  officer  ^ 

more- Interesting  anrf  challenging  work  are  goals  level,  they  are  mD$t  common"  at  the  P08  and 

'    to  be   achjteved  through  advancement  in  rate.  P02  levels.  Regular  Navy  and  Naval  Reserve 

By  increasing  your  skills  the.  Navy  ^nef its  in  personnel  may  both  hold  service  ratings, 
combat  readiness  and  you  gain  satisfactfon  by  . 

becoming  more  proficieat  In  ydur  job.  THE  GUNNER'S  MATE  RATING 

YouT  contribution  to  the  Navy  depends  upon  ^  ' 

your  willingness  aijd  ability  to  accept  increasing         The  Gunner*s  Mate  rating  Is  not  the  oldest 

responsibilities  as  you  advance  in  rate.  When  rating  In  the  Navy  but  It  rates  near  the  top. 

you  assume  the  duties  of  a  GMG  3,  you  begin  The  rating  was  established  In  1797.  Paygrades 


GUNNER'S  MATE  Q  3  &  2 


In  the  rating  at  that  time  are  not  defined  since 
the  records  for  that  period  are  practically 
nonexistent*  However,  the  paygrade  of  Gunner's 
Mate,  Chief  was  established  by  General  Order 
No.  36  of  May  l864.  It  was  not  until  February 
1894  that  the  pay  grades  of  first,  second,  and 
third  class  petty  officers  were  established  by 
General  Order  No.  409.  In  July  1903  the  rating  • 
of  Turret  Captain  was  established  in  the'  pay- 
grades  of  Chief  and  first  class.  Turret  Gunner's 
Mates  in  the  lower  ratii^  were  general  GMs 
up  to  and  includii)g  second  class  petty  officer. 
At  the  first  class  level  tiiey  became  Turret 
Captains. 

The  Ounner's  Mate  rating  structure  was  quite 
sta^)le  from  around  the  turn  of  the  century  to 
World  War  II.  During^World  War  II,.the  Gunner's 
^  Mate  rating  acquired  two  new  specialties,  namely 
an  Armorer  and  Powdermaiu* 

After  \yorld  War  n*(l947),  the  post  war  rating 
structure  was  established  and  implemented  in 
*  1948.  This  chai^  established  the  GM  General 
Service  rating  in  paygrades  E-4,  through  E-7. 
At  the  same  time,  three  Emergency  Service 
ratings  were  established  in  paygrades  E-4thrQu^ 
E-7;  for  the  GMA  (Armorer),  GMM  (Mounts), 
and  at  paygrades  E-6  and  E-7  for  GMT  (Turrets)^ 

Note;  The  rating  of  Turret  Captain  was 
disestablished  and  incorpoj^ated  into  the  GM 
rating  as  GMT  (Turrets). 

In  May  1958  the*^  paygrades  of  E-8  and  E-9 
were  established.  These  paygrades  applied  to  the  ^ 
GM  rating  for  both  the  General  Service  and  Emer- 
gency Service  ratings. 

^-Another  change  came  about  in  the  Gunner's 
Mate,  rating  structure  in  April  1961.  The  pay- 
gr^tdes  of  E-8  and  E-9  were  redesignated  from 
General  Service  rating  to  General  rating.  The 
paygrades  for  the  Emergency  Service  ratings  of 
GMA. (Armorer),  GMM  (Mounts),  and  GMT  (Tur- 
rets^ W^re  disestablished.  Two  Service  ratings 
in  paygrades  E-4  through  E-7  were  established 
.  Gunner's  Mate  G  (Guns)  and  Gunner's  Mate  M 
(Missiles). 

The  Gunner's^  Mate»*G  (Guns),  GMG,  ranting 
includes  the  duties  of  operating,  repairir^,  and 
maintaining  all  types,  of  guns,  rocket  launchers, 
certain  types  of  missiles  launchers,  and  their^ 
asso9iated  magazines  and  ammunitiott  and/or 
handling  equipment.  In  general,  the  GMG  has  to  ^ 
be  able  to  make  detailed  electrical,  electronic,  ' 
hydraulic,  and  mechanical  systems  and  servo- 
systems  casualty  analyses.  He  must  be  able  to 
maintcdn  ammunition  haht^ling  equipment,  inspect 
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and  maintain  magazine  sprinkler  systems,  and 
maintain  rockef^  projector,  and  gun  ammunition 
maga^nes.'  .  • 

The  duties  of  the  Gunner's  Mate  M  (Missiles),  * 
GMM,  rating  involves  the  maintenance,  testing, 
and  firing  of  missiles  and  their  associated 
launching  equipment  and  magazines. 

Ejuring  1961  th6  Secretary  of  the  Navy  approved 
the  disestablishment  of  the  Nuclear  Weaponsman 
(NW)  rating  and  the  retitling  of  the  rating  to 
GMT  and  including  it  as  a  third  service  rjating 
from  paygrades  E-4  through  E-7.  This  action 
developed  the  GM  rating  structure  as  it  appears  * 
today;  Gunner's  Mate  Guns  (GMG),  Gunner's^ 
Mate  Missiles  (GMM),  and  Gunner's  Mate  Tech- 
nician (GMT). 

The  Gunner's  Mate  T  (technician),  GMT, 
rating  has  the  responsibility  of  maintaining, 
stowing,  repairing,  and  adjusting '  all  types  of 
nuclear  weapons,  including  nuclear  warheads* 
Recently  the  ASROC  launching  groups  have  leeen 
added  to  the  responsibilities  of  the  GMT  rating. 

The  GMT  rating  is  separated  from  the  other 
two  GM  ratings  up  throu^  the  paygrade  of  E-9. 
The  remaining  two  service  ratings,  GMG  and  GMM, 
remain  separated  up  to  and  including  E-7.  At 
the  E-8  and  E-9  levels  they  are  combined  into  the 
general  ratings  of  Gunner's  Mate  Chief  Senior 
(GMCS)  and  Gunner's  Mate  Chief  Master  (GMCM). 

This  means  that  the  E-7  Gunner's  Mate  G,  to 
advance,  must  be  prepared-4o  supervise  the 
maintenance,  of  launching  systems.  In  other  words, 
a  E-7  GMG  taking  an  exam  ,fOr  E-8  will  be  • 
examined  on  the  qualifications  expected  pf  the 
GMM  ^in  addition  to  those  qualification^  in  his 
own  rating.         ^    , '  •  * 

Because  of  the  many  different  and  hi^ly  com- 
plex weapon  systems  now  in  service  in  the  fleet,  • 
the  GMG  rating  is  subdivided  into  classes.  Eaph 
class  is  assigned  a  Navy  .Enlisted  Classification 
(NEC)  number..  The  purpose  of  these  codes  is  to 
^assist  in  identifying  personnel  in  a  rating  when  a 
broad  definition  (such  as  GMG)  is  not  enough. 
Code  numbers  are  assigned  to  personnel  with 
specialized-  skills  and  training.  Examples  of 
such  codes  are  GM-0876,  assigned  to  Gunner's 
Mates  who  hav6  graduated  from  the  Gun  Mount 
5*l/54  Mk  42  Mod  9  maintenance  course,  and 
GM-0877,  the  numl^er  given  to  the  GMGs  who 
have  graduated  from  Gun  Mount  5"/ 54  Mk  45 
Mod  0  maintenance  course.  A  complete  list 
of  the  codes  is  found  in  the  Manual  of  Navy 
Enlisted  Classifications,. NAVPERS  15105  (latest 
revision).       -  .  , 
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GMG  Billets 

The  GMG  rating'is  conventionally  classed  as  a  ^ 
seagoing  ratiiig.  Thig  is  not  to  say  that  the  GMGs 
never  get  shore  duty;  they  do.  Each  ship  regard- 
'less  of  its  purpose  supports  some  type  of  weapon 
system.  You,  as  a  CMG,  wilfprimarily  be  con- 
cerned with^the  gun  systems  on  board  ship.  To 
maintain  these  weapons,  you  must  become  pro- 
ficient in  your  rating.  This  can  be  achieved 
through  constant  study  and,  of  course,  practical 
experience.  Most  of  the  billets  (duty  assign- 
ments) for  the  GMG  rating  are  on  combatant 
ships.  These  ships  range-  from  the  destroyer 
escort  types  to  the  large  attack  carriers. 

The,  list  of  billets  to  which  you  may  be 
assigned  as  a  GMG  3  or  GMG  2  ,is  . too  long  to 
list  here.  We  can,  however,  give  some  examples. 
On  a  combat  ship,  you  normally  will  be^assigned 
•to  one  of  the  guft  bajtteries.  ^Inmost cases you\ 
will  be  an  assistant  who  will  work  under  the 
supervision  of  a  more .  senior  petty  officer. 
If  you  are  a  striker,  your  work  will  be  closely 
supervised.  As  you  advance/  supervision  will 
diminish  and.  you  wiH  be  allowed  to  show  more 
initiative  in  performing  your  work.  The  more 
you  advance  in  rating,  the  more  youJ*  respon- 
sibilities for  the  supervision  of  others  will 
increase. 

As  -a  GMG  2  on  a  destroyer,  you  may  be  in 
charge  of  one  of  the  gun.  mounts.  Your  job 
would,  includ^  supervision  of  its  crew,  as  ^well- 
as  coordination  of  your  moimt  with  the  others 
in  the  battery.  Either  a  GMG  3  or  GMG  2  may 
be  in  charge  of  a  rocket  lai^npher  or  projector. 
Dv  you  may  be  put  in  charge 'of  .the  ship's 
sm^ll  arms  and  landing  force  equipment.  Aboard 
a  carrier.  Gunner's  Mates  have  responsibility 
for  the  ship's  magazines.  There  your  duties 
might  include  maintenance  of  the, magazine  sprink- 
ler systems,  temperature  ^ontrols^,  and  maga- 
zines themselves. 

Aside  from  your  occupational  or  professional 
'  duties,  you  will  *be  required  to  perform  certain' 
military  functions,  as  do  all  ratings  in  the  Navy, 
The"  military  duties  include  manning  battle  sta- 
tions, watch  standing,  and  other  assignments 
related  to  the  requirements  for  naval  operations, 
management,  and  security.  In  this  m&nual  we 
are  concerned  prima^rily  with  your  professional 
(techni(sal)  duties  sowe  will  not  go  into  the  military 
aspects  'of  your  rating. 

YOUR  PART  IN  NAVAL  LEADERSHIP 

The  Navy  has  a  continuing  program  of  moral 
leadership  and, character  education  to  ensure  that 


naval  leadership  is  maintained  at  a  consistently 
high  level.  The  Navy  stresses  moral  responsi- , 
bility  and  personal  example. 

As  a  petty  officer  yoU  will  haye  an  important 
practical  part  to  play  in  your  shipboard  leader- 
ship program.  You  may  bg  in  charge  of  a  group 
of  strikers  which  will  put  you  in*  a/ position  of 
leadership.  Your  two  responsibilities  in  this 
position  will  be  to  accomplish  the  missior)  and-to 
care  for  your  men.  The  principles  and  techniques 
of  leadership  are  discussed  in  Military  Require- 
ments  for   PO   3  &  2,  NAVEDTRA  10056-C. 

Assume  for  a  moment  that  your  mission  aboard 
ship  is  to  maintain  a  gun  mount,  and  tha^t  you 
have  strikers  to  assist  you.  A  big  part  of  your 
job  is  to  learn  everything  you  can  about  the  mount 
and  to  pass  on  your  knowledge  to  your  men.  Tech- 
nical competence  is  a  major  aspect  of  good  leader- 
ship. But  being  a  skilled  technician  is  notenough. 
You  must  inspire  your  strikers  to  do  their  work 
as  efficiently  as  possible.      *  .  ' 

A  point  worth-^entioning  at  this  time  is, 
never  become  so  engrossed  in  jTour  own  compe- 
tence that  you  won't  listen  to  suggestions.  Even 
a  striker  may  come  up  with  a  suggestion  for 
performing  a  function  that  is  a  much  easier 
and  better  mettiod  than  the  one  you. have  been 
following.  Remember;  no  one  is  infallible. 

A  national  characteristic  of  the  American 
fighting  man  is  that  he  wants  to  know  why  he  is 
called  upon  to  do  certain  tasks.  You  must  explain 
to  your  men  tjie  importance  of  their  work  and 
how  it  affects  the  overall  fighting  efficiency  of^ 
your  ship.  Make  the  smallestj^  mechanical  task 
take  on  the 'nobility  of  a  cause.  During  exercises 
or  drills  make  them  feel  they  are  winning  a  War^ 
*  not  just  turning  knobs  on  equipment.  Keep  in 
mthd  that  they  are  the  men  who  will  fight  by  your 
side  in^  combat.  -When  led  with  coui>age,  spirit 
and  intelligence,  they  will  fight  as  willing  and  as 
efficiently  as  any  fighter  'in  the  wojld.  But  it  is 
up  to  you  to  provide  inspiration  ,so  that  it  will 
seep  down  to  therfi. 

To  inspire  your  strikers  and  others,  youmufet 
pe  of  strong  moral  character.  Some  of  the  char^ 
acter  traits  you  can'  develop  by  conscientious 
study  and  pr^ctic^are  loyalty,  integrity,  and 
quiet  confidence. 

Loyalty  .is  one  of  the  most  essential  factors 
of  leadership.  Experienced  officers  and  petty 
officers  agree  that  they  would  rather  have  a 
loyal  man  who.  is  not  necessarily -an  excellent 
worker  than  a  disloyal  man  who  does  excellent 
work»  Loyalty  to  countrj^,  to  the  Navy,  to  your 
ship,  to  your  division,  to  your  chief,  to  your 
senior  petty  officer,  and  to  the  men  who  work  ^ 
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with  and  for  you  — these  are  the  prime 
requisites  of  leadership.  The  surest  way  to  get 
the  respect  and  loyalty  of.  your  men  is  tor'be 
vloyai  yourself. 

Everytime  you  feel  the  urge  to,  criticize  the 
handling  of  your  ship's  affairs,  stop  short.  You 
are  a  part,  and  an  important  part,  of  your  ship. 
^  How  can  you  ejqject  your  strikers  to  be  loyal  if 
you  are  not?  ^ 

*  Deal  with  your  men  squarely  and  honestly,* 
If  you  do,  you  will  win  and  hold  their  respect.  Be 
dependable^ '  This  mark  of  integrity  involves 
3ping  promises  promptly.  A  reputation  of  being 
a^ ''square'  shooter"  is  worth  every  effort  on 
yobr  part.  Help  to  build  this  reputation  early 
b3j).not  tolerating  "gun-decking"  or  other  methods 
ofl  falsifying  reports. 

Grood  leaders  have  a:  quiet  self-confidence 
(not  an  arrogant  •  or  cocky  manner)  based  on 
thorou^  knowledge  of  the  job  and  a  belief  in 
their  own  ability.  Confidence*  begets  confidence. 
If  you  have  confidence  in  yourself,  you  can 
inspire  confidence  in  your  men  and  those  around 
you.  , 

Gux^er's  Mates  are  often  selected  to  lead  ol: 
take  charge,  pf  many  -military  functions.  Over 
the  years,  'ptrrmer's  Mates  have  #  earned  the 
reputation being  good  military  men  and  good 
leaders. /fe  today's  Navy,  he  still  holds  this 
'  reputation  by  .following examples  of  the  menbefore 
him  —  aff  others  Will'  follow  you. 


ADVANCEMENT 

Sometimes,  as  you  study  and  workfor  advance- 
ment, the  task  ahead  niay  seem  extremely  difficult 
and  not  worth  the  trouble.  At  times  you  may  feel 
like  dropping  out.  If  you  ever  feel  this  way,  stop 
and  consider  the  many  advantages  of  attaining  a 
Wgher  rate.  First,  Allien  you  sew  on  your  new 
rating  baidge  or  the  second  stripe,  you  gain  more 
authority  along  with  the  added  responsibility  you 
soon  will  V  be  given.  Of  courge,  yo\i  also  geta^ 
raise  in  pa^r  to  compensate  youfor  assuming  more 
demanding  duties.  That  rating  badge  or  extra 
stripe  alscelevates  you  in  the  eyes  of  your 
shipmates  and  assures  you  of  ipore  privileges* 
Last  ,but  not  least,  you  have  the  personal  satis- 
faction of  attainif^  your  goal.  That  is,  by  In- 
creasing your  knowledge  in  your  speciality  54OU 
contribute  more  to  your  shipmates  and, the  Navy 
by  being  better  qualified  to  perform  youB.  job  as 
a  GMG.  Then  too,  you  have  attained  another  step 
in  the  promotion  ladder..  •  V 


.  Incidentally,  you  may  wonder  why  the  Navy 
goes  to  "such  lengths  to  inspire  and  apsist  you 
in  advancing.  The  ^answer  is  rather  simple  — 
perhaps  selfish.  Every  t^me  you  advance.,  inv^ 
fact,'  everything  you  learn  makes  you  more 
valuable  to' the  Navy.  With  each  advancement 
you  improve  your  skill  and  increase  your  value 
to  the  Navy  by  becoming'  a  better  technician. 
Th^  things  you  have  learned  can  be  utilized  in 
teaching  men  in  lower  ratings.  The  Navy  already 
has  an  investment  in  you,  and  in  the  interest  of  , 
protecting  'and  profiting  from  that  investmrnt,  it 
is  willing  to  invest  still  more  mon^>  and  effort 
in  making  you  a  ^tter  gaildr.  A^  you=  advance, 
you  have  a  better  opportunity  to  improve  *your 
leadership  qualities  and  to  show  by  example 
the  moral  character  of  ah  good  lead6rfe. 


HOW  TO  QUAUFY  FOR  ADVANCEMENT  .  ' 

Although  minor  changes  may  occur  froni  time 
to  time*  in  the  -requirements  for  advancement, 
ordinarily  you  must;^  ,  n 


1.  Spend  a  certain  amount  of  time  in  service 

and  in  your  present  grades  "    -  \ ' 

« 

•  2.  Complete  tl)e  required  military  and  pro- 
fessional nonresident  career  courses. 

3.  Demonstrate  your  ability  to  perWm  the 
tasks  Ifsted  in  the  Record  of  Practical  Factors, 
NAVEDTRA  14l4/l. 

/  .  > 

4.  ^  Be  recommended  b>'  yout  commandirrg 
officer  after  the  petty  officers  and  officers 
supervising  your  work  indicate,  that  they  consider 
you  capable  of  c^rying  out  the  duties  t)f  the 
nextjiigher  rate. 

fi.  Pass  a  written  examin^ition.  on  the  pro- 
fessional and  military  qualiflc^ition  standards  for 
advancementr  .     '     '  • 

Figure  1-1  details  the  requirements  for  ad- 
vancement of  active  duty  personnel.  Fi^re  1-2 
,give's"^Hhe  same  information  for  inactive'  dtity 
personnel\  . 

^     Because     qualifications'   for  advancement, 
change,  check  with  your  division  officer  onc^ain- 
ing  officer  to  make  sure  (hat  you  know  thSTatest 
quals.  f 
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Advancement  is  not  automatic.  Although  yon 
have  met  the  requirements,  including  passi(ig 
the^  \Vritten  examination,  you  iftay  not  be  able 
to  '••sew  on  a  crow"  or  add  a  stripe,  the  num-, 
«  ber  of  men  in  each  rate  and  rating  is  controlled 
•  oft  a  Navy-wide  basis.  The,  number  of  men  who 
may  be  .  advanced  is. limited,  therefore^  by;  the 
number'of .vacancies  that  e?dst,. 

r^'     A  'Jinal  multiple  is  a  combination  of ,  scores- 
based^  on  "Ithe  examination  grade,  and  scores  ^ 
computed  for  the  length  of  time  in  service  and 
in  pay  ^ade,  awdi;ds  held,  and  past  performance. 


ELIGIBILITY  REQUIREMENTS 
FOR  ADVANCEMENTS:  * 


a.  Practical 'f actor sA)erformance  tests 

a*  Navy  training  course'  ^ 

c.  Service  school  r,  , 

d„  Citizenship/security  clearance 

"  e,  performance  mark  minute  3^0  or  no  One 
GOL,  UNM,  UNS  during  ^period  equal  to 
1/2  TIR  required  for  advancement  to  E-6 
in  eval  blocks  3,  5,  or  7 

f.  Proper  path  df  advancement 

gi  Meet  special  or  physical  *  requireifientfe  if 
\  ^  dppUcable  -  ^ 

h.  Not'  be  involved  in  cirisumstances  which 
render  ineligibility  for  advancement 

i.  Fulfill  service '  requirements  of  TIS  cind' 
SIPG  by  terminal  eligibility  date 

'    ■    j.  Military /leader  ship  exam  ^  ' 

'  k.  Recommended  by  CO, 

AU  vof  the  information  above  (except  the 
examination  score,  and  "High  Quality  Bonus  Point 
(HQP)  factor)  is  submitted  to  the  Naval  Examin- 

*  ing  Center  with  your  exaniination  answer  sheet. 
After  grading,,  the  examination  scores,  for  those 
passing,  and  the  HQP  Factor  (additional  points 
awarded  ior  those  who  previously  i^assed  the 
examination  but  were"  not  advanced)  are  added 

*  to  the  other  factors  to  arrive  at  the  final  multiple, 

ERIC        •  '  '  . 


A  precedency  list,  which  is  based  on  final  mul- 
tiples, is  then*  prepared^  for  each  pay  grade 
within  each  rating,"  Advancement  authorizations 
are  then  issued,  beginning  at  thq  top  of  the  list, 
tOT  the  number" of  men  needed  tp  fiirthe  existing 
Vancaiiqies,        '   '  * 


HQP  FACTOR 

'  The  HQP  factor,  formally  the  Passed  but 
not  Advanced  (PNA)  factor,  is  awaided  on  the- 
basis  of  Final  Multiple  scores  (FMS*s)  froip 
past  examinations,  A  maximum  of  three  points, 
can  be  accrued  each'  exanjination  cycle.  After  ^ 
five  examination  cycles,  candidates  will  be  eli- 
gibly for  a  maximum  of  15  points, 

HOW  TO  PREPARE  FOR  ADVANCEMENT 


In  preparing  for  advancement,  you  jtnust  study 
the  qualifications  for  advancement,  the  required 
rate  training  manuals,  and  other  specified  ma- 
terial. Additionally,  you  must  workpn  the  prac- 
tical factors,  Yoif  will  need  to  {jeCome- familiar 
with  (1)  The  Manual  of  Qualification s  for  Advance- 
megit,  (2)  Applicable  rate  training  manuals,  (3) 
Bibliography  for  Advancement  Study,  IJIAVEDTRA 
10052,  and  (4)  the  .Record  of  Practical  Fasitors, 
The  following  sections  describe  and  give  you  some 
-practical  suggestions  on  how  to  use  these  publi- 
cations in^preparing  for  adyancement,  \ 

Quals  Manual 

The  Manual  of  Qualificationsfdr  Advancepient, 
NAVPERS  18068C,  gives  the  minimum  occupa- 
tional and  military  qualific^on  standards  for 
advancejnent  to  each  pay  grade  within  eaqh  rating. 
This  manual  i«  usually  called  the  '»Quals  Manual,*' 
and  the  qualifications  themsevles  are  often  called 
•Equals'',  The  qualification  standards  are  of  tW'o 
general  types:  (1)  military  qualification  standards 
and  (2)  occupa'tional  qualification  standards, 

MILITARY  STANDARDS  are  requirements  that 
apply  to  aU  ratings  rather  than  any  one  par- 
ticular^ rating.  Military  requirements  for  advance- 
ment t6  third  q^ss  and  secoiid  class  petty  officer 
rates  deal  with  military  conduct,  naval  organi- 
zation, military  justice,  sepufity,  watch  standing, 
and  other  subjects  which  aye  retired  of  petty 
officers  in  all  ratings. 
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E-4  time  in  service  requirements  changed 'b\  DOD  effective  1  July  1975  fui  advancement  to  E-4 
TIS  requirefments  are  inci^eased  from  21  monfhb  njinimum  to  2  years. 


REQUIREMENTS* 

El  to  E2 

E2  to  E2 

n  Eo. 

to  E4 

ff  7  E4 
to  E5 

t  E5 
to  E6 

E6 
to  E7 

tE7 

to  E8  1 

fE8  ' 

to  E9 

SERVICE 

4  mos; 
service- 

or 
comple- 
tion of 
Recruit 
Training. 

8  mos. 
as  E-2, 

6  mos, 
as  E-3, 

12  mos. 
as  E-4. 
3  years 
time  in 
service. 

24  mos. 
as  E-5. 
6  years 
time  in 
service. 

36  pnos. 
as  E-6. , 
8  years 
time  in 
service. 

36.  mos, 
as  E-7, 
8  of  11 
years 
time  in 
.service 
must  be 
enlisted. 

24  mbs, 
as  E-8. 
10  of  13  ^ 
years 

time,  in 
service 
must  be 
enlisted. 

• 

SCHOOL 

Recruit . 
.Training, 
(C,0.  ^ 
m^y  ad- 
vance up 
to  10% 
of  graduv 
ating 
class,) 

1 

ClrfssJV 
for  Pl<3, 

DT3, 

PT3. 

AME  3, 

im  3, 

PN  3. 
FTB  3; 
MT  3, 

Class  B 
for  AGC. 
^MUC.  ' 
MNC.tt 

PRACTICAL 
FACTORS 

Locally 
prepared 
check- 
offs, . 

Record  of  IVactical  Fa'ctors,  NAvEdTra  1414/1,  must  be 
completed  for  E-3  and  all  PO  advancements. 

PERFORMANCE 
•  TEST 

Specified  ratings  m6st- complete 
applicable  performance  tests  be- 
^      fore  taking  examinations. 

ENLISTED 
PERFORMANCE 
EVALUATION 

As  ufe^d  by  CO 

vvhen^pproving 

advancement. 

Counts  toward  performance  factor  credit  in' ad- 
vancement multiple. 

EXAMINATIONS** 

Local  Iv 
prepared 
tests. 

See 
below. 

'  Navy-wMdp  examinations 
•  required  for  all  PO 
advancements. 

Navy-wide  selection  board. 

RATE  TRAINING 
MANUAL  (INCLUD- 
ING MILITARY 
)??EQQIREMENTS) 

Required  for  E-3  and  all  PO  advancements 
unless  waived  because  of  school  comple- 
tion, but  need  pot  be  repeated  if  identical 
course  has  already  been  completed!  See 
NavEdTra  10052  (current  edition). 

Nonresident  career 
courses  and 
recommended  . 
reading.  See       ^ . 
NavEdTra  10052  * 
(current  edition). 

AUTHORIZATION 

Commanding 
Officer 

"  NAVEDTRA PRODEVCEN                  \  . 

*  All  advancements  require  commanding  officer's  recommendation,^  •  ^  , 
i  1  year  obligated  service  required  for  E-5,  and  E-6;  2  years  for  E-7,  E-8,  and  E-9. 

#  Military  leadership  exam  required  for  E-4  and  E-6, 

For  E-2  to  E-3,*NAVEDTRA.PR0DEVCEN  exams  orjoplly  prepared  tests  may  be  used.  / 
"tt  Waived  for  qualified  EOD  personnel,  i 


Figure  Ipl.— Active  duty  advancement  requirements. 
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 ?  ~  r 

REQUIREMENTS* 

El  t:o'- 

E2 

i 

E2  to  I 

E3  .  i 
— t 

E3  to' 
*'E4 

E4  to 
E5 

E5<.to 
E6  * 

E6  to 
E7 

E8  J  , 

TOTAL  TIME 

IN;GRAD£: 
*    *  ■ 

^—^  ^ 

4  m05. 

.  j 
,8  mos. 

()  mos. 

^  mos. 

24  mg^. 

'   '  * "  tVi^tT^ 

OO  mos. 

with 

total 

■^Wice 

00  mup. 

with 
total 
ll  yrs 
eervicfe 

94  r^iJSfi 

total^* 
13  yrs 
service 

TOTAL  TRAINING 
pUTY  IN  GRADE  I 

.  44  dkys 

« 

14  days 

14  d^ys 

14  days^ 

'  « Q^iP 

2§  days 

'42  da^ys 

42  days 

28  days 

'PfeRFORIviANCE 
,  TESTS  . 

-  Specified  ratihgs  must  complete  applicable 
performance  tests  be^re  taking  examiriation. 

DRILL 
|ARTICIPATION 

Satisfactorj^  participatix)n  as  a  rpember  of  a^drlll  unit 
in  accordance  with  BUPERSINST  5400.42  s^iefe. 

PRACTICAL  ^'ACTORS  ' 
(INCLUDING  *  MILITARY 
REQUIREMENTS) 

 :  .        ^  1  ; — 

Record  of  Practical  Factors.  NavEdTra  1414/1,  must,^ 
be^  co/npleted  for  all^ advancements.                    -  '  . 

RATE  TRAINING 
MANUAL  (INCLUDING 
MILITARY  REQUIRE- 
MENTS) 

At. 

Completrolr  of  applicable  course  or  courses  must  be  entered 
/                              in  service  record. 

EXAMINATION  ' 

« 

Standard  Exam 

,9 

*  * 

Standard  Exam' 
required  foi*  all  PO^ 
advancements. 
Also  pass 

^lilitary  Leadership  Exam' 
for  E-4  and  E-5.' 

Standard  Exam. 
.Selection  Board. 

AUTHORIZATION  , 

I  H  

Commanding 
pfficer 

NAVEDTRAPRODEVCEN 

4  *  Recommendation  by  qofnmanding  officer  required  for  all  advancements, 
f  Active  ^duty  periods  may  be  sub|ti|yted  for  training  duty. ' 

m  ■'  . 

'  ;    *  .  •  Figure,  1-2.— Inactive ^ty  advancement  requirements;. 
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•  ,  OCCUPATIONAL  ST.^NDARDS  a^e  profes- 
f^sional  jfequirements  directly  related  to  tfie*  work' 
of  each.^tihg.  ;^  " 


third  cla^ss  qualifications  as  well  as  bn^  second 
class  qualifications.  ^  ' 


Both  the  niilitary  feqiur emends  and  the  occu- 
pational quaUfioations  are  ;iivided  into  two  subjept 
mattt3xsgroups  called  PRACTICAL  FACTORS.and 
.KNpWLEDG^4^Afi,T0Jl§.^  Practical  f actors/are 
ttSiigs-you^oSystR^  to  to  DO.  Knowledge 
,  factors  are^things  you  must  KNOW  to,pei>form 
the  duties  of  your  rating.  \ 

In  mofet  sul?ject  matter,  arqas^  you  will  find 
bdth  practical  jcjuals  and  knowledge,  quals.^In 
some  subject  matter  areas,  you  will  find  one 
or  the  other.  It  is  important  to  remember  that 
there  are  some  knowledge  aspects  to  all  practical 
.factors,  and  some  practical  aspect  to  mostknow-^ 
ledge  factors.  Therefore,  even  if  the  Quals 
Manual  indicates  that  there  are  no  knowledge 
factors  for  a  given  subject  matter  area^  you 
still  may  e;qpect  to  find  examination  questions 
dealing  with  the  knowledge  aspects  of  the  prac- 
tical factory  listed  in  the  subject  matter  area. 

Occasionally,  changes  are  made  to  every  set 
of  quals.  When  this  manual  was*  printed,  4t 
covered  the  current  Set  of  quals,  but  by  the  time 
you  be^n  your  study,  the  quals  may  have  ohanged. 
Naturfidly,  you  will  be  examinerd  on  the1)a^is  of 
the  latest  requirements.  For  fhis  reaspn,  well 
before  examination  time,  check  the  Quals  Manual 
to  make  sure  that  new  quals  not  covered  here  or 
by  other  study  material  have  npt  been  added. 

You  are  required  to  pass  a Navywide  military/ 
leadership  examination  for  E-4  or  E-5,  as  appro- 
priate, before  you  take  the  occupational  ex^ii- 
nations.  Theee  examination^  are  administered  on 
a  schedule  determined  by -your  commanding  of- 
ficer. Each  examination  consists  of  100  questit)n& 
based  on  information  contained  in  Military  Re- 
quirements for  Petty  Officers  3  &  2,  NAVPERS 
10056,  and  other  publications  listed  in  Biblio-^ 
graphy  for  Advanceiyient Study,  NAVEDTRA 10052. 
Candidates  are  required  to  pass  the  applicable 
military /leadership  examination  ^ly  oncel 

•-The  Navywide  occupational  exfltniimtions  for 
pay  grad6s  E-4  and  E-5  will  conta/m  150  questions 
related  to  ^  occupational  areas /of  your  rating. 

If  you  are  working  for  advancement  to  second 
class,  remember  that  you  may  be  examined  on 


..Recoj^c 


of  Practical  Factors 

0  ^ 


'B^^reVyou  cdn '  take  the  servi^ewide  exami- 
nations for  a^vandfement,  theye  must  be  an  entry 
in  your  Service  recotd  to  show  that  you  have 
qualified  ^in  the  practicdr^acto^s^^of  both  the 
military  qualifications  and  tlieocquB'atiohalquali- , 
fications. ,  The  RECORD  OF  PRA's'tICAL  I^AC- 
TORS,  ^AVPERS^M/l,  naentiohed  earlier,  is 
us6d  to  keep.^a  record  of  your  .practical  factor 
qualifications.  This  form  is  available  for  each 
ratirJg.  It  li^ts  all  practical  factors,  ix)th  mili- 
tai>  and ,  ocjqupational.  Wfien  you  demonstr^e 
^oui  ability  to  perform  a  practical  factor,  appro- 
priate entries  are. made  in  the  DATE  and  INI- 
TIALS 6olumns/    ~         -  - 

When  changes  Are  made  to  the  Manual  of 
Qualifications  for  Advancement,  revised  forms  of 
NAVPEI^S  1414/1  are  provided  ^^s  necessary. 
Hawe\ei,  txlia  space  is  allowed  on  the  Record 
of  Practical  Factois  for  entering  additional 
practical  factors  us  they  are  published,indhanges 
to  the  Quals  Manual.  The  Record  of  Practical 
Factors  also  provides  space  for  recording  demon- 
strated proficiency  in  skills  which  are  witmn 
the  general  scope  of  the  rating  but  which  arp  not 
identified  as  minimum  qualifications  for  advance- 
,  ment.  ,  ^ 

'  Until  completed,  the'NAVPERS  1414/1  usually 
is  held  by  youf  division  officer;  after  completion, 
it  is  forwarded  to  the  personnel  'office  for 
insertion  jn  your  service  record.  If  you  are 
transferred  before  qualifying  in  all  practical 
factors,*^  the  incomplete  fqrm  should  be  forwarded 
with  >our  service  record  to  your  next  du^ 
station.  ^  You  can  save  yourself  a  loi  of  trouble 
by  making  sure  that  this  form*  actually  is  in-, 
serttd  in  >oux  service  record  before  you  are 
tiansferifed.  If  the  f^rm  is  not  there,  you.  may 

be  requi^^ed  to  requalify  in  the  practical  factors. 
*  * 

NAVEDTRA  10052 

Bibliograph>  for  Advancement  Study,  NAVED- 
TRA 10052  (revised),  is. a  bibliography  listing 
required  and  recommended  rate  training  manuals 
and  other  references  to  be  used  by  pfersonnel 
working  for  advancement,^  As  such,  it  is  impor- 
tant that  you  become  familiar  with  it. 

The  required  and  recommended  references 
are  listed  by  pay  grade.  If  you  are  working  for 
advancement  to  third,  class,  stydy  the  materifiCl 
listed  for  that  rate.  If  you  are  studying  for 
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second  class,  .how^ygr,  study  the  njatefial  fox 
both,. second  and  third  class  because^a^ou  mbj. 
.be  examined  on  third  class  subjects  as  well  as 
those  for  second. 

In  using  -NAVEIDTRA  10052  you  will  notice, 
that  some  rate  training  manuals  are  marij^ed  witH 
an  asterisk  (*).  Any  manual  marked  in  tMs  way 
is  MANDATOHY— that  is,  it  must  be  co*^pleted 
at  the  indicated  rate  level  before  ycru  can  be 
eligible  to  take\the  servicewide  e;jamihSttion  for\ 
advancement.  Each  mandatory  manya..  may  be 
comjileted  by,(l^  passing  the.  appropjate  non- 
resident career  course  that  is  bastd  orx  the 
.mandatory  training  manual;  (2)  passing  locally 
^prepared  tests  ^)ased  on  the  informalon  given 
in  the  'training  manual;  or  (3)  m  so.ae  cases 
^(uccessfully  completing  am  approprit.te  Navy 
schooir  .    .  .       .  ,5^,^. 

Do  not  overlook  the  section  of  'NA  '^EDTRA 
10052  which  lists  the  requi^d  and  reconjTiQnded 
references  relating  to'  the  military  quaL€ication 
standards  for  advancement.  Personnel  ALI^ 
ratings  must  complete  ^e  mandatory.  mJatary 
requirements  training  course  for  the  approp-uate  , 
rate  •level  before  they  can  be  eligible  to  ,ad;vaijce. 

The  references  in  NAVEDTRA  10052  which 
are  recommended  bvit  not  mandatory  should 
also  be  studied  carefully,  ALL  references  lifted  . 
in  NAVEDTRA  10052  may  be  used  as  source 
material  for  the  written  examinations-  at  the 
appropriate  rate  levels.  ^       .  " 

NAVEDTRA  10052  is  reviteed  and '^ssued, once 
each  year,  usually  in  March.  Each  revised  edi- 
tion is  ^Identified  by  a  lettqr  following  the  NAV- 
EDTRjA  number  and  by  a  date,  ^^'hen  jusing  th^s 
publfcatipn,  be  sure  that  you  have  the  most  recent 
editiofu  •  ^ 

Hate  Training  Manuals  .  ^ 

Bate  training  manuals  are.designed  to  provide 
you  with  information  that  you  need  to  advance. 
There  are  two  generaj  types,  RATING  manuajs 
apd  SUBJECT  MATTERmanuals.  A  rating  manuali 
(for  example,  this^one)  giyes  information  directly' 
relate  to  the  occupational  qualifications  of  one 
rat.ir^.  Subject  matter  manuals5>r  BASIC  manuals 
give  information  that  .applies  to  (is  basic  to) 
more-  thanvOne  rating,  for  example,  Basic  Elec- 
tricity./ ^  - 

Rate  training  manuals  are  revised  from  time 
to  time  to  keep  them  up  to  date  technically. 
The  revision  of  a  rate  training  manual  is  iden- 
tified by  a  letter  following  the  NAVEDTRA 
number.  You  can  tell  whether  'any  particular 
copy  of  a  training  mapual  is' the  latest  edition 


by  checking: ''the  NAVEDTRA  fiumber  and  the 
letter  following  this,  number  in  the  most  recent; 
edition  of  List  of  Training  Manuals  and  Cor- 
're'spondence  Courses,  NAVEDTR^  lOaSl.  NAV- 
.^DTRA  10061  is  actually  "a  catalog  that  lists  all. 
currept  training  manuals  and  nonresident,  career  ^ 
cqurses;  .you  will  find  ^  this,  catalog  useful  in 
planning  your  st^dy  program/ 

Each  time  .a  rate  trairting  manual  is  revised, 
it  is  brought  into  confornaance  ^vitb^the  pfficial' 
publications  and  dfrectiveS  on  whic¥  it  is  based; 
but  during  the  Ufe/df  any  edition,  diSjsrepancies 
between  the  manugfi'  knd  the  official  sources  are 
almost  certain  to  arise  because  6f  ^Jhanges'  ft) 
the  latter  w%5h  ai^Jssued'in  the  interim.  In 
the  performance  of  your  duties'^,  you  should  alwayjs 
jfefer  to  the  appropriate^  official  publication  or 
direi^tive.  If  thejofficial  source  is  ysted  in  NAV- 
gDTRA  10052,  NAVEDTRA  PROD, EVCE^^  ^uses 
it  as  ^  source  of  questions  in  preparii^  the 
fleetwide  examinations  for  advancement.  In  case 
of  a  discrepancy  between  any  jiublications  listed 
in  .NAVEDTRA  10052  for  a  given  rate,  the 
most  recent  material  >yill  be  used. 

The  fo'lldwiiig  suggestions  may  help  you  to 
make  the  ttest  use  of  thi6  manual  and  other 
Navy  training  publicalions  when  you  are  pre- 
paring for  advancement. 

U  Study  the  military  qualifications  and  the 
occupational  qualifications  for  your  rating  before 
you  study  the  training  manulaU  dnd  refer  to  the 
quals  '  frequently  as  you  study.  RemembeV,  you 
are  studying  the  manual  primarily  tameet  these 
quals.  r  ' 

2.  Set  up  a  regular  study  .plan*  It  will  prob- 
ably be  easier  "for.  you>  to  stick  to  a  schedule^if 
you  can  plan  to  study  at  the  same  tima^^ach 
day.  If  possible,"  schedule  your  sturdy ing  for  a 
time  of  day  when  you  will  not  have  too  many 
Interruptions  or  distractions. 

3.  Before  you  begin  to,  study  'any  part  of  the 
manyal  intensively,  become  familiar  withj^the 
entire  book.  Read  the  preface  and  the  *table  of^ 
contents.  Check  through  the  index.  Look  at  the 
appendixes.  Thumb  through  the*  book  without 
any  ,  particular  plan,  looking  at  the  illustrations 
and  reading  Jjits  here  and  there  as  you  see 
things  that  interest  you;         '   '  \  '       '  * 

4.  Look  at  the  tralnir^  manual  in  more  detail, 
to  see  how  it  is  organized.  Look  at  the  table 
of  contents  .ggain.  Then,  chapter  by  chapter, 
read  the   introduction,  the  headings,  and  the 
subheadings.  ThiB  wilf  give  you  a  pretty  clear 

.picture  or  the  scofte  and  content  of  the  manual. 
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As  you  look  throu^  thQ  manu£^  in  this  way, 
ask  youifself  these  questions:       *  •  ' 

• .   What  must  I  learn  about  this? 
«  •     What  do'  I  already  know  about  it? 

•  How  is  this  infoiination  related  to  in^ 
formation  given  in  other  chl^ters? 

•  '  How  is  this  information  related  to  the 
qualifications  for  advancement? 

5.  When  ^  you  have  a  general/idea^  of  \^at 
is  in  the  trainit^  manual  and  hdw  it  is  organized, 
fill  in  the  details  by  intensive  study.  Jn  each, 
study  period,  try  to  cover  a  complete  unit  — 
it  may  be  a  chapter,  a  section  of  a  chapter, 
or  a  subsejction,'*  The  amount  Of  material  that 
you  can  cover  at  one  time  will  vary.  If  you 
know  the  subject  well,  6r  if  the  material  is 
easy,  you  can  cover  quite  a  lot  at  one  time. 
Difficult  or  unfamiliar  material  will  require 
more  study  time.  -  / 

6.  In  studying  any  unit,  dhapter,  section,  or 
subsection^ writedown  the  questions  that  occur 
to  you.  Many  people  find"  it  helpful  to  make  a 
written  outline  of  the  unit  as  they  study,  or^at 
least  to  write  down  the  most  important  ideas. 

7.  As  you  study,  relate  the  information  in  the 
training  manual  tcj  the  knowled^  you  alreacfy 

^have.  When  you  read  about  a  process,  a  skill, 
"or  a  situation,  try  to  see  how  this  information 
ties  in  with  your  own  pafet  e3q)erience. 

8.  When  you  have  finished  studying  a  unit, 
take  time  out  to  see  what  you  have  learned. 
Look  back  over  your  notes  and  questions.  Maybe 
some  of  your  questions  have  been  answered,  but 
perhaps  you  still  have  some  that  are  not  answered. 
Without  looking  at  the  training  manual,  write  down 
the  main  ideas  that  yoq  have  gotten  froni  studying 
this  unit.  DonH  just  quote  the  book.  If.  you  cknh 

^give  thejse  ideas  in  your  own  words,  the  chances 
ard  that  you  have  not  really  mastered  the  infor- 
mation. '  .  ' 

9.  Use  nonresident  career  courses  whenever 
you  cap.  These  courses  are  baked  on  rate  training 
manuals  or  on  other  appropriate  texts.  As  men- 
tioned before,  coQipletion  of  a  mandatory  rate 
^training  manual  can  be  accomplished  by  passing.a 
nonresident  career  course  based  on  the  rate 
traiiiing  manuaU  You  will^robably  find  it  helpful 
to  take  other  nonre^^l^ent  career  courses  qb  well 
as  those  based  on  mandatory  manuals.  Ta^ng  a 
course  helps  you  to  master. t)ie  information  given 


in.  the  training  manual,  and  al6|0  helps  you  spe 
how  much  you  have  learned.  | 

10.  Think  of  y6ur  future  as  y'oa  study  rate  train- 
ing manuals.'  You  are  working"  for  advancement 
to  thirti  class  or  second. class  rightnow,  but  some 
day  you  wfu  be  working  toward  higher  rates.'- 
Anything  *extra  that  you  cab.  learn  now-will  help 
you  both  now  and  later.-  - 


SOURCES  OF  INFORMATION 


Besides  trainii^  mlanuals,  1^A;VEDTRA  10052 
lists  official  publications  on  \rfiich,you  may  be  * 
examined.  You  should  not  only  ^tudy  the  sections 
required,  but  should  become^  as  familiar  as 
possible  with  ajl  publications  yop.  use. 

One  of  tHe  most  usefule  things  you  can  learn 
about  a  subject  is  how''  to  find  o^t  more  about  it. 
No  single  publication  can  give  you  all  the  infer-  . 
mation  you  need  to  perform  the  dxities  of  your 
rating.  You  Bhoula  leam  wfiere  to  look  for 
accurate,  authoritative,  up-tordate  information 
on  ail  subjects  related  to  the  military  require- 
ments for  advancement  and  the  pccugatioiM 
qualifications  of  your  rating;    *  / 

PUBLICATIONS  YOU  SHOULD  KNOW  \'  ^ 

Some  of  the  publications  desci^bed  here  are 
subject  tapchange  or  revision  from  time  to  time  — 
sonie  OTTregular  intervals,  otherj^  as  the  need 
arises.  When  using  any  publication  &^t  is  subject 
to  change  or  revision,  be  sure  that  you  have  the 
latest  edition.  When  using  any  publication  that 
is  kept  current  by  means  of  changes,  be  sure 
you  have  a  copy  in  which  all  pfflcial  changes 
have  been  made.  Stuj||[ing  cancele(}  or  obsolete 
,  information  will  not  help  you  to  do  your  work; 
It  'fe  likely  to  be  a  waste  of  tijne^aixi  may  even 
be  s?JE^usly  misleading. 

NAVORDSYSCDM  Publications" 
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9iB  you  mi^t  e3ipect,  the  publication  most 
often  referred  to  In  this  nianual^^as  a  Source 
of  amplifsdng  information  is  the  Otdnance  Pam- 
phlet (OP).  CPs  are  the  basic  typ^  of  technical 
publObations  issued  by  the  Naval  Ordnance  Sys*t 
teme  Command  (NAVORDSYSCOMJ.  The  equip- 
ment OP  (which  is  the  one  you  will  most  generally" 
use)  provides  detailed  instructiona  ^n operational 
theory,  physical  description  of  co6ii>ODents,  in- 
stallation, maintenance,  repair,  am  safety  pre- 
cautions for  each  item  of  ordnance  equipment. 
Any  change  to  the  original  OPs  ^  issued  by 
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^ J^AVORDSYSCOM.   Changes  issulTd  iojhe  fle^t 
'f  j^'  numbered/laijd  a  --record  pi  all  changes  is! 
listed, on  a  chahge  record  sheel. posted  in  the 

.*/ront  of  every  OP.  V 

Thp  OPs  needed  for  your  equipment  wilf  bef^ 

%ii^ixd»  li  you  feel*"a  need  for  additional  infor- ^ 
matlpn,  you  can  consult  OP  O,  the  index  of  QPs, 

'  J9r  thp^  titles  and  nunibers  of  other  publications,. 
4^  tli^it^eciuest  them.  >  ' 

^  The  1|^pCnq$acturQj''s  technical  manuals  fur- 
ni8])ed  with  soitte  items  of  ^>iipment4re  valuable 
so.ii.irpes  of  information  on  operation,  maintenance, 
ansi'%air.%^^  c:^^ 

-  Anothej.  ^feticMipti  you  should  becotne  fa- 
miliar with  is  t^ie  Oh  (Ordnance  Data).^An  Qip  is  ' 

V^k^ndxrf  catchall.  It  is  used /or.publishing  ad^aijqe 
'lnf6rrtf^on/prj?instructi^s  on  ordnance  equip- 
ment installation  and  afigtynent  data,, parallax* 
d^l^,  and  other  miscellaneous  information,  such 
as  ^kblgiSf^of  w^g^t3  aod  dimeriE[ions.  Fofrmerlyj 
GDs^  were  usj^- piiibljcation  of  teStJand  in- 
spection data;  Ordnance  Reports  are  nqw  used 
far  this  purjgiy:^e,  ^QDs  are^mTjered  consecu-' 
tively  by  thi  issuing;  agency.  'ODs,  like  OPs, 
are  listed  in  OP  O.  •    '  "       '  *^ 

,  -  One  OD  that'ls  required  reading  for  you,  and 
for  all  other  Gunner's  Mates,  is  OD  3000,  Lubri- 
cation of  Ordnance-  Equipment.  It  is  the  one  OD 
that  your  ship's  library  of  ordnance  publications 
must  not  be  without.  -  ' 

INSTRUCTIONS  issued  by  ^the  NAVORDSYS-" 
COM  are  another  source  of  information  referred 
to  in  this  manual.  The  purpose  of  these  instruc-, 
tions  is-  to  pass  out  the  details  conqerning  the, 
command's  policy  in  matters  of  operation  and 
nlafntenance. 

NOTE:  As  of  1  July  1&74  NAVORDSYSCOM  and 
NAVSHIPgySCOM  we^e  inte'grated  into  one  Qom- 
mand;  NAVSEASYSCOM.  Wherever  NAVORDSYS- 
COM or  NAVSHIPSYSCOM  appear  in  tKis  manual, 
substitute  NAVSEASYSCOM. 

NAVEDTRA  Publications  -  ^ 

Some  of  the  NAVEDTR^X  (foYmerly  BUPERS) 
'  publications  that  you  will  need  tdstudy  or  refer  to 
as  you  prepare  for  advancenient  have  already  beeiv 
discussed  earlier    in  this^'ohapt^V.  The.  basic 
courses,  pubUshei?  by  Chief  of  Naval  Education 
and  Training  (formerlyChief  of N^val  Personnel) 
will  be  a;eferred  to  frequently  in  the  nianual, 
.  These  Include:  i  *  . 
Basic  Electricity,  NAVTERS  iO086-B  . 
Basic  Electronics,  NAVPERS  1008 7_-C 
Military  ffequlrements  for  Pett>  Officer  3  2, 
NAVPERS  i0056-C 


^Blueprint  Reading  and  Sketching,  NAVPERS 

•  iaa77-c 

Basic  Machines,  NAVPERS  10624-A 
^  Tools  and  Their  Uses,  NAVPERS  10085r-B 
Fluid  Power,'  NAVPERS  16193-B 

♦  ^ 

Large  changes  have  bee^p  made  in  some  of  the. 
re\isions  so  be  sure  >ou  have  the  latest  revision 
.oreach4?ook.  \ 

Since  you  will  be  v^orking  closely  with  Fire 
Controlmen  and  Outer's  Mates  (Missiles),  you 
'may  tind  it  useful  to  consult  the  rate  training 
n/ianuals  prepared  for  those  ratings. 

Naval  Ship  Systems  Command  (NAVSHIPSYSCOM) 

Gun  systems  and  ammunition  magazines  must 
installed  and  maintained  tb  comply  /with, 
ship?g  rules.  These  are  given  in  NAVSHIPS 
•Techliical  Manual,  consisting  of  chapters,  many 
of  which  are  in  pamphlet  form.  Use  the  table 
of  contents  to  locate  a  particular  chapter,  and 
then  use  the  index  at  the  end  of  the  chapter  tg 
find'^the  tppicPyou  want*        '  '\ 

The  celectricity  used  in  your  divisiofr  is^ 
supplied  the -ship,  and  ship's  nries^and  xi^gu- 
lattolS  must  be  observed.  These  too,  are  given 
in  the  NAVSHIPS  Technical  Manual,  along  with 
some  derailed  instructions  on  care  and  repair 
of  components.     ,  _  • 


TRAINING  FILMS 

'  Training  films  available  to  naval  personnel" 
are  a  valuable  source  of  supplementary  infor- 
mation on  many  technical  subjects.  Training 
films  are  listed  in  the  United  States  Navy  Film 
Catalog,  NAVAIR  lt)-l-777  (formerly  NAVWEPS 
10-1-777-^)  published  in  1969.  Copies  may  be 
ordered  in  accordance  with  the  Navy  Stock  List 
of  Publications  and  Forma,  NAVSUP  2002. 
Monthly  supplements  to  the  Filjn  Catalog  are 
distributed  to  catalog  holders. 

When  selectir^  a  film,  note  its  date  of  tssufe 
listed  in  the. Film  Catalog.  As  you  know,  pro- 
cedures sometimes  charge  rapidly.  Thu^  some 
filnis  become  obsolete .  rapidly.  If  a  film  is 
obsolete  only  in  part,  it  may  sometimes  be  shown 
effectively  if,  hefbre  or  during  its  showing,  you 
carefully  point  out  to  trainees  the  procedure^ 
that  have  charged.  • 
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CHAPTER  2  , 

f    EXPLOSIVES  AND  PYROTECHNICS 

.    c         ,  V  » 

V  -  ' 


One  bf  the  most  important  developments  in 
the  history  of  ordnanpe*  was  the  discovery  of 
emlosives.  In  this  chapter  we  will  give  you  a 
brief  history. and  disdiss  the^  characteristics, 
uses',  and  handling  of  e^qplosives  currently  used 
py  the  United  Stat©^  Navy.  We  discuss  what  the 
term  e:q)l08ive^  means  and  then  vie  go  into 
some  details .  of*  various  e^qplosives  and  pyro- 
/technics  used  in  Navy  Weapons. 


EXPLOSIVES 

To  understand  the  composition  etnd  function 
of,  ^  co^plet6  rounc|  of  ammunition,  ,a  basic 
knowledge  of  the*  characteristics  and  uses  of 
military  e^losiyes  is  necessary.  Tlje  demands 
for  ammunition  capable  of  fulfilling  the  many 
requirements  of  the  Navy  necessitates  the  em- 
ployment of  several  kinds  of  ejqplosives.  Each 
explosive  performs  in  a  specific  manner.  Thus, 
the  e;q)lo8ives  (bursting  charge)  used  to  burst 
a  forged  steel  projectile  would  not  only  be  an 
unsuitable  propelling  charge  for  ejecting  and 
propelling  projectiles  and  missiles,  but  also 
would  be  highly  dangerous..  Si'milarly,  the  ex- 
plosives .used  in  Initiators,  ^ch  as  in  primers 
£End  fuzes,  are  so  sensitive  to  shock  that  only 
small  quantities  c^  be  used  safely. 

Personnel  not  familiaJ?  with  ammunition,  or 
untrained  in  its  use  'and  handlings  normally  are 
afraid  of  the  possibility  of  an e:q)losion.  However, 
when  handled  in  accordance  with  the  prescribed 
regulations,  ammunition  is  relatively  safe. Safety 
i^egulations  are  set  forth  in  numerous  publications 
.  Buch  as  U..S.  Navy  Regulations,  Ordnance  Pub- 
lications (OPb),  pertinent  instructions,  etc.  Many 
of  the  regulations  and  precautions  embody  the 
lessons  learned  as  result  of  actual  disasters.  Tifey 
must  be  obeyed  without  exception  and  cannot  be 
changed  or  disregarded.  * 

OP  4,  Ammunition  Afloat,  defines  the  word 
e;qplo8ives,!  if  used  without  further  qualification^ 
as  those  substances  or  mixtures  of  substances 


which,  when  suitably  initiated  by  flame,  s^ark, 
heat,  electricity,  friction,  impact,  or  similaf 
means,  undergo  rapid  chemical  reactions  re- 
sulting in  the  rapid  release  of  energy.  The 
release  of  energy  is  almost  invariably  accom- 
.  panied  by  tt  rapidandpronouncedriseinpre^sure. 
The  rise  in  pressure  usually,  but  not  necessarily, 
is  a  consequence  of  the  rapid  generation  of  gas 
in  much  larger  volume  than;  that  originally 
occupied  by  the  e:q)losive. 

An^^e^losipn  is  defined  as  a  practically 
instantaneous  and  violent  release  of  energy.  It 
results  "from  the  sudden  chemical  change  of-a 
solid  or*  liquid  ^bstance  into  gases.  These 
gases'  e^anded  by  the  \ieBi^  of  the  chemical 
change,  exert  tremendous  pressure  on  their  con- 
tainers and  the  surrounding  atmosphere. 

CHARAGTERISTICS 

There  are  three  important  characteristics 
of  B?qplosive  reactions;  they  liberate  heat;  they 
^produce  large  increases  in  pressure,  usually 
by  liberation  of  large  quantities  of  gas;  and  the 
reaction  takes  place  in  a  comparatively  short 
time.      ,  ' 

i 

HEAT. — An  esqplosive  reaction  is -always 
accompanied  by  the  liberation  of  heat.  The  amount 
of  heat  is  representative  of  the  enerjgy  of  the 
e:q)lomon  and,  hence,  its  potentiality  for  doing 
work.  I 


PRESSURE.  — High  pressure  accoxnpanying  an 
e:q)loBive  reaction  is  caused  by  the  formation  of 
gases  which  are  expanded  by  the  heat  liberated 
in  thb  reactions.  The  work  which  the  reaction  is 
capable  of  performing  depends  upoi)  the  volume 
of  the  gases  and  the  amoimt  of  beat  liberated, 
•'fhe^  maximum  pressure"  developed  and  the  way 
in' which  the  energy  of  the  e:q)losion  is  £qpplied 


deipnd  further  on  the  velocity  of  the  reaction. 
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VELOCITY.  — A;i  e:q)losive  reaction  differs 
from  ordinary  combustion  in  the  velocity  of  thp 
reaction..  For  e^cample,  if  gases  are  evolved 
alowly^»  they  are  dispersed  without  causing  any 
appreciable  increase  in  pressuf  i§,  V^ocity  is  one 
of  ;the  characteristics  *that  distinguishes  higlx 
e:q)losives  from  low  explosives^  Although  tS^' 
power  of  an  e:q)losive  is  affected  greatly  by  we 
quantity  of  gas  and  heat  evolved,  the  rajte  at 'which 
they  are  given  off  is^of  prime  importance,  fljds 
rate  is  designated  the  velocity  of  e:q)losion  or  Uie 
velocity:  of  detonation. 

'  ^' 

•Sensitivity  '  , 

Sensitivity,  which  is  of  great  importance  ia 
military  e:q)losives,  may  be  defined  as  the  ea 
-with  which  an  e:q)losive  can  be  det<Siated# 
plosives  must  be  safe  to  handle  and,  in  some  ca^ 
able  to  withstand  severe  shSck  before  the  start^f 
th&  chemical  reac^on  or  deton^bn.The  streng._ 
of  th^  impulse  required  to  detonate  or  setpff^an 
explosive  may  vary  considerably.  Some  may  ^ 
detonated  b^  the  slightest  touch;  others  require -a 
violent  blow  and  cannot  be  set  off  in  the  open  byV 
flame.  ^ 

EXPLOSIVE  TEfUVIS  ,        ^  ' 

Terms  defined  here  are  some  that  you  should 
know  to  understand  the  following  discuss^Lon^ 

High  e:q)losiyes:  High  e:q)loslves  are  sut^* 
stances  who^e  reaction  is  a  mgh  detonation  that 
is  most  readily  initiated  by  a  blow  or  shock  and 
proceeds  as  a  wave  phenomenon  propagated  at  a 
,speed  of  the  ♦order  of  the  velocity  of  sound  in 
solids.  The  amount  of  e;q)Osed  surface  has  little 
effect  on  the  time  required  for  complete  reaction. 

Low  ejqjlosivesiLowejqilosivesare  substances 
whose  decomposition  involves  a  rapid  burning  or 
"deflagration  that  is  most  readily  initiated 
direct  heat  ot  flame  and  proceeds  as  a  thermal 
wave,  the  speed  of  which  is  markedly  slow.erthan 
the  veloci.ty  of  sound.  Low  e;q)losive  buimfng  fs 
confined  to  e:q)OSed  surface,  thereby  provicling'a 
means  of  regulating  the  time  for  total  reaction.' 
The.  extent  of  e:q)Osed  surface  has  considerable 
effect  on  the  burning  time  of  low  e:q)losivesI 

Brisance:  Shatterijig  ability  of  high  e:q)losive. 
When  it  is  glesir^d  that  a  projectile  e:?)lode  to 
scatteF  lethal  fra^'ents,  an  e:q)loslve  is  one  in 
which  the  maximuni  pressure  is  attained  so  rapidly 
that  the  effect  is  to  shatter  material  surrounding 
it  or  in  contact  with  it.         ^  |^ 

Stabilit>'>  Ability  of  an  e'ijq)losive  to  reipaln 
unaffected!)}  storage  conditioriS.Son*ee;q)108ives 


(like  propellant  powder)  decompose  witK age, even 
under  flie  be.gt  of  conditions,  and  require  frequent 
checking.  ,  I 

Power:  W^n  applied  to  an  e;q)losive»  refers 
to  the^extent  of  its  ability  either  toin|lict  damage 
or  .to  activate  another  e:q)losive.  Power  may  be 
measured  by  energy,  peak^re ssure,  or  momentipn 
of  the  shock  wave  from. the  e:q)losion. 

LoadWlg  properties:  The  adaptability  of  an^sx- 
plosive  to  loading  requirements  is *an  important 
factor  in  'fi:dng  its  range'  of  usefulness.  Pro- 
jectiles \pf  the  Navy  ^re  pi^pssloaded  a 
granular  e^qdosive.  Cast  e^losives  are  used  for 
mines,  depth^  charts,  Jx)ftibs,  and  warheads/^ 

Hygroscopicity:  ^Teqdency^of  a  material  ta 
absorb  moisture.  Because  moisture  reduqes  the 
sensitivity  of  an  e':q)losive,  or  affects  it  adversely 
in  other  ways,  e:q)losive"s  must  be  protected  to 
prevent  deterioration.  ^  f 

CLASSfFiq^^TION 

At  .one  time,  e:q)losives  were  commonlx--^- 
vided  into  two  >?jategories,.  designated  hi^"  ex- 
plosives and  low  e:q)losives.  High  e:q)iosives 
were,  those  which  cbuld  be^made  tordetongite  and 

J  whose  use  depended  on  this  xjharacteristfc.  Low 
B:q)losives  were  those* -which:  could  be  made  to 
bum  only  by  application  of  heat  or^flame,  aiid 
whose  use  depended  on  their  characteristics, 

.usually  that  of  burning  in  a  rapid,  controllable, - 
and  reproducible^  manner.  In  military  applica*- 
tions,  the  term*  high  'e>cplosive  is  still  used 
but  with  a  somewhat  different  meaning.  _ 
the  e:q)losives  formerly  called  lowe:q)l6si^ 
now  called  prppellants,  but  the  te^rm  propKllant 
is  not  synonymous  with  low  e:q)lo"9*re.  / 

Classification  of  explosives  thusfaiLbfife  been 
based  on  characteristics.  A  more -practical  clas- 
sification from  the  standpoint"  of  the  Gunner^s 
Mate  is  based  on  their  militax7  use.  Tbese 
classifications  are:  i 
'      >  *' 

1.  Propellants. 

2.  Initiating  e:q)losives» 

3.  Booster,^q)losives. 

4.  Burster  high  explosives. . 


Propellants 


\ 


The  primary  function  of  a  propellant  is  to 
provide  a  piossure  that,  acting  against  an  object 
fo  be  propelled,  will  accelerate  the  object  to  the 
required  velocity.  This  pressure  must  be  so 
controlled  that  it  will  never  exceed  the  strength 
of  tj\e  container  in  which  It  is  produced,  such  as  - 
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gunsi  rocket  niotor  huu&ingb,  p>ioU}chniL pistols, 
line  throwing  gun&,  etc.  In  addition,  propella^ls 
nmst  be  coniparativelj   in&enbitive   tu  shock. 

PropellaiitSyJiiay  be  either  liquid  or  solid  in 
form.  Many  solid  piopellants  have  a  riitrocellu- ^ 
lose  base.  Various  organic  and  inorganic  sub- 
stances are  added  to  the  nitrocellulose  baSe 
during  manufacture  to  give  improved  qualities 
for  special  purposes.^  ^ 

Propellant&  can  be  classified  b>  such  terms  as 
birjgle-base,  double-base,  nijalti-base,  and  coui- 
posite.  bingle-base  prupellants  o^ntain  only  one  , 
e;q>l9&iVtt  ingredient,  nitrocellulose.  Double-base 
and  multi-base  piopellants  contain  one  or  more 
e^qilobivc  ingredients  in  addition  to  nitrocellulose. 
Multirbase  propellants  vyiuch  contain  three  ex- 
plosive constituents  are  often  called  triple-base 
powder.  Composite  propellants  are  conipositions 
that  contain  mixtures  'of  fuel  and  inorganic 
oxidents  litrt  do  not  contain  a*  significant  amount 
of  nitrocellulose  or  nitroglycerin.  There  are 
£^su  conibiitations  of  composite  and  double-base 
propellants. 


Solid  propellants  are  manufactured  in  th^  forrn 
of  flakes,  balls,  sheets,  cords,  or  perforated 
cylindrical  grains.  They  are  made  in  varipug 
shapes  to  obtain  different  types  of  burning  actions. , 
The  cylindriccd  grains  are  made  in  various 
diameters  ariS  lengths,  and  with  varying  numbers 
of  holes  or  perforations.  (See  fig.  2-1.)  The 
different  types^of  burning  actions  are  regressive, 
neutral,  and  progressive.  A  propellant  is  said  to 
be  re'feressive  burning  whemthe  surface  area  of 
the  grains  decrease  as  they  burn.  An  exainple  of 
a  neutral  burning  grain  is  a  single  perfora^d 
grain  Inner  surf^e  increases  and  whose 

outer  surfa/je  decreases  as  it  burns.  The  result 
of  these  two  actions  is  that  the  total  surface 
remains  the  i>anie.  As  a  multiperforated  grain 
burns,  its  total  burning  area  increases  since  it 
burns  from  the  inside  xo  the  outside  at  the  same 
time.  Thus,  it  is  called  progressive  burning. 

Initiatory    r  ^ 

Initiating  e;q)losives  are  those  explosives 
which  serve  to  ignite  propellants  and  are  used  in 
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Figure,  2-1  •—-Shapes  and  forms  of  propellajit  grains. 
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tfie  caps  of  primers  and  to  initiate  the  reaction 
of  high  explofsives.  Initiating  explosives  explode 
or  detonate  when,  subjected  to  heat,  impact,  or 
friction.  There  'is>  however,  considerable  dif- 
ference* among  them  witii  respect  to  the  type  and 
strength  of  the  initiating  force  re.quired,  the 
amount  of  heat  given  uff,  and  the  shock  produced 
py  the  exploSion.  Cuxrently  used  initiating  ex- 
pfosives  are  lead  azide,  leadstyjjhnate,  tetracene, 
and  diazodinitropbenol* 

PRIMERS.  — A  prinier  is  a  device  used  to 
initiate  the^  burning  of'  a  propellant  charge  by 
means  of  a  flame.  It  may  consist  of  a  small 
quantity  of  extremely  sensitive  high*  explosive. 
Usually,  primers  are  classified  in,  accordance 
with  the  method  of  initiation  such  a^  percussion, 
electric,  friction,  chemical,  etc;  i^ft.' percussion 
primer,  upon  being  struck  by  the  firing  pin  of  a 
gun,  will  detonate  and  produce  the^flash  of  flame 
needed  to  ignite  the  propellant  charge.  All  primers 
function  in  ^a  similar  manner  when  initiated. 
Primers  may  also  be  used  to  initiate  detonators,/ 

DETONATORS.  — Detonators  are^used  in  ini- 
tiating high  explosive  bursting  changes  as  opposed 
to  j^uop^llants.  They  are  similar  to  primers 
inasmuch  as  they  also  contain  a  small  quantity' 
of  extremely  sensitive  high  explosives.  Detonators 
are  also  classified  in  accordance  with  the  methods 
of  initiation,  / 

Auxiliary  Explosives 

Large  propellant  charges  and  relatively  in- 
sensitive disrupting  explosives  require  an  inter- 
mediate charge  so  that  the  flame  or  shock  of  the 
initiating  explosive  may  be  increased  to  ensure 
proper  reaction  of  the  main  explosive  charge. 
The  intermediate  or  auxiliary  explosive  used  with ^ 
.  propellantB  consist  of  a  quantity  of  flame- 
producing  black'  powder  sufficient  to  engulf  the 
propellant  grains,  Tne  auxiliary  explosive  used 
wito  disrupting^explosives  is  caUed  a  booster  and 
consists  of  a  quantity  of  more  sensitive  high 
explosive,  such  as  tetryl  or  granular  TNT,  A 
booster  increases  the  shock  of  the  detonator  to 
a  degree  sufficient  to  explode  the  disri^)ting 
explosive. 

•  ^ 
BOOSTER.— An  auxiliary  e:qplosive,  when 
uspd  with  la  burster  charge",  is  called  a  booster.  It 
consists  of  a  moderately  sensitive  high  explosive, 
^Boosters  are  necessary  because  of  the  relative 
insensitiVity  of  the  msdn  charge,  (NOTE:  Ex- 
plosives used,  as  boosters  in  large  projectiles 
may  serve  as  burster  charges  in  smaller  ones.) 


^  The  b^sic  high  e:q)losive  train  consists  of  the 
detonator,  booster,  and  burster  charge, However, 
high  explosive  trains  are^ often  compounded  by  the 
addition  of  auxiliary  boosters,  time  delays,  and 
primers.  Such  a  train  might  be  as  follows— 
primer,  delay  pellet, detonator, booster,  auxiliary 
booster,  and  main  burster  charge,  Hpwever,  this 
example  is  the  Extreme,  (See  fig,  2-2.) 

*i 

Burster  High  Explosives 

The  burster  charge  for  projectiles  or  various 
type  bombs,  mines,  torpedo  warheads,  and  other 
bomb^ype  ammunition  is  always  a-hlgh explosive. 
Burster  charge  substances  must  fulfill  certain 
requirements  for  military  use.  In  general,  they, 
must  130  the  following:  ^  , 

1,  Be  insensitive  enough  *to  withstand  tfie. 
ohock^  of  handling,  of  being  fired  from  a  gun,  ^ 
and  of  impact  against  armor  — only  m  armor 
piercing  projectiles, 

2,  Have  a  maximum  explosive  power. 

3,  *Have  stability  to  withstand  adverse  stprage^ 
conditions,  t  \ 

4,  Produce  proper  fragnientation  — only  for 
fragmentation  weapons, 

5,  Be  ine;q>ensive  and  easy  to  manufacture 
from  readily  available  materialsr 

The  substance  most  nearly  fulfilling  all  of 
these  conditions  might  be  Considered  the  best 
burster  explosive;  however,  the  specific  purpose 
to  be  served  must  be  considered.  For  example. 
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Figure  2-2,  —  Typical  high  e;q)losive  trains. 
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a  burster  charge  u&yd  in  a  projectile  riiust  , 
fulfill  aH  of'  the  foregoing  conditions,  whereas  a 
mine  or  torpedo  warhead  filler  need  not  be  so 
insensitive  as  to  withstand  armor  impact.  How- 
ever, for  mines  and  torpedoes,  the  tendency  of 
the  burster  e3q)losive  not  to  absorb  moisture  and 
its  maximum  power  would  be  the  nio&t  iriiportant" 
characteristics.  Thus,  compromises  have  to  be 
made  tot  a  certain  point,  provided  no  safetj 
factor  requirement  is  overlooked. 

High  explosive  charges  are  loaded  into  their 
containers  by  one  of  three  niethods;  cast- loaded, 
pressloaded,  and  extrusion.  Cast  loading  is, per- 
formed py  pouring  the  ^substance  as  a  liquid 
into  a  container  and  letting  it  solidify,  E3q)lo- 
sives  having  no  liquid  form  must  be  press-loaded, 
or  pressed  into  their  container.  The  conibinrng 
of  certain  explosives  results  in  plastic  mixtures 
that  tan  be  loaded  only  by  the  extiusioi;  method. 


SERVICE  EXPLOSIVEb  AND  THEIR  USE 

Servijpe  explosives  as  used  in  the  Navy  are 
varied  and  are  constantly  undergoing  changes. 
However^  there  are  certain  basic  explosives  that 
have  becpme  fairly  standard  throughout  the  Navy,  , 
A  few  olE-the  more  peitment  e:q)10sive&  and  their 
uses  are  disuu&sed'iri  the  following  par agiaphs. 

BLACK  POWDER 

Black  powder  is  the  ,pidest  uxplosiye  known. 
The  ingredients  in  black^ppwdex  include  saltpeter 
(potassium  nitrate  or  bodiuni  nitrate),  charcoal, 
an^i  sulpjiur.  It  *ignites  spontaneously  at  about 
300**  C  -(572**  F)  and  develops  a  fairly  high 
temperafeire  of  combustion  (2300**  to  3800**  C). 

The  chemical  stability  of  black  powder'  is 
practicafly  unlimited  when  stored  in  airtight 
containers^  but  it  deteriorates  irregularly  when 
e:q)osed*to  moisture,  which  4i  absorbs  readily, 

Black  powder  is  not  affected  by  moderately 
high  temperatures,  and  it  is  not  subject  to 
spontaneous  combustion  at  ordinary  storage  tem- 
perature^. It  is  highly  flamriiable  and  very 
sensitive  to  friction,  shock,  sparks,  and  flame. 
When  Ignited,  it  is  extremely  quick  aiid  viQlen\ 
in  its  action. 

Uses  of  6lack  Powder 

The  orange  of  use  of  black  powder  has  de- 
creaeedSwith  the  development  of  new  chemical 
compounds  but,  where  sniuke  is  ho  objection, 
black  powder  is  considered  by  nmiy  to  be  the  be^t 


substance  available  -for  transmitting  flame  and 
producing  a  quicjc*  hot  flame. 

^Currently  black  powder  is  used  by  the  Navy 
for  the  following  purposes: 

1.  Delay  elements  in  fuzes.  ^ 

2.  Ignition  charges  for  snjokeless  powder, 
for  primers  in  guns  of  all  calibers,  and  for 
rocket  or  guided" missile  igniters. 

3.  Impulse  Charges  for  surface  torpedo  tubes 
and  depth-charge  projectors. 

*4.  Black  powder  Charges  for  training,  salut- 
ing, and  signaling. 

SMOKELESS  POWDER  ^  ^ 

These  are  low,  or  burning,  explosives  wWch 
are  used  to  give  a  specified  velocity  to  the 
delivery  of^  missiles  such  as  gun  projectiles, 
rocket  projectiles,  torpedoes,  and  depth  charges. 
Relatively  slow,  controlled  decompQSition  is  re- 
quired to  provide  time  for  the  force  of  the 
evolved  gases  to  act  without  the  destruction  of  the 
projecting  equipment. 

The  basic  component  of  modem  smokeless 
powder  is  vegetable  fiber  (generally  cotton), 
molded  ,  into  grains  and-  dried.  The  resulting 
powder  is  a  low  explosive  which  will  burn  instead 
of  detonating.  It  is  used  almost  exclusively  as  the  ^ 
propellant  for:  giyi  and  rocket  ammunition.  The 
powder  is  generally  considered  to  be  three 
types;  single-base,  double-base,  and  mum-base. 

Smokeless  powder  is  obviously  a  more  effec- 
tive propellant  than  black  powder,  and  is  far  less 
sensitive,  tricky,  and  dangerous  to  handle.  It 
has  the  following  characteristics: 

1.  Burns  evenly. 

2.  Noncorrosive;  it  tfoes  not  react  to  metals, 

3.  .Gives  off  large  quantities  of  gas  during 
burning,  which  is  highly  desirable  in  a  pro- 
pellant. "  ,  ,  • 

4.  Leaves  little  residue  or  ash. 

5.  Is   somewhat hygroscopic  and  tends  to 
deteriorate  as  it  becomes  moist* 

There',  are  certain  volatile  Ingredients  in 
smokeless  powder  which  tend  to  evaporate  wton 
the  powder  is  e3q)osed.  It  must  be  stored  in 
airtight,  -moisture-proof  con£ainers.  Powder  mag- 
azines should  therefore  be  checked  daily  for 
condition  of  powder  containers,  for  maintenance 
•of  'proper  temperature,  an,d  for  ''eyidences^  of 
deterioration  of  powder. 

Excessive  heat  has  an  unfavorable  influence 
upon  the   stability  of  smokeless  powcfer.  At 
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temperatures  below  60*  F,  the  stability  is  not 
appreciably  affected.  *Phe  rate  of  decomposition 
begins  to'  rise  at  temperatures,  above  70**  Ft 
becoming  relatively  hi^  at  100®  F,  and  dan- 
gerously accelerated  at  temperatures^  above  110® 
F.  Precautions  must  therefore  be  taken  to  ensure 
the  maljitenanoe  of  a  uniformly  low  temperature 
in  magazines  where  smokeless  powder  is  stowed. 

SPD.  Smokeless  powder  with  the  index  desig- 
nation SPD  consists  of  colloided  nitrocellulose' 
and  diphenylamine,  which  is  the  stablizer.  This 
is  the  powder  cbmmoply  known  as  *'ityro"  powder 
by  the  United  States  NaVy  and  has  been  used  in 
standard  service  aipmimition. 

SPDN.  Smokeless  powder  with  the  indexdesig- 
nation  SPDN  is  composed  of  nitrocellulose  aad 
dinitrotoluene,  to  which  is  added  dibutylphthalate  ^ 
to  control  the 'potential  of  the  powder  and  to  aid 
in  plasticization.  This  composition  also  cpnt^ns 
diphenylsLmine,  which  ^cts  as  the  stabilizer.  - 

SPDF.  Smokeless  powder  ydth  the  index desig- 
'nation  SPDF  is  a  modification  of  the  basic* 
composition  of  either  SPD  or' SPDN  made  by  the 
addition  of  ?  coolant  or  flash  inhibitor,  gen- 
erally potassium  sulfate.  This  combination  g& 
materials  results  in  a  flashless  charge  for  the 
gun  in  which  the  powder  is  designed  for  use. 
SPDF  ppwder  is  hi^y  effective  for  full  charges 
in  5-inch  and  Smaller  guns  and  reduced  charges 
in  several  major  caliber  guns.   -  « 

SPDB.  A  blend  of  stabilized  SPD  powder.  The 
blend  was 'originally  devised  to  provide  an  index 
of  ample  size  for  a  ship*s  service  ^allowance  but 
the  letters  are  now  assigned  to  a  lot  made  to 
itilize  small  remnants  for  service  or*  training 
exercise  purposes.  A  blend  of  large-web  and 
smaller-web  powder  (of  not  too  great  difference) 
may  be  made  toproduce  anequivalent  intermediate 
\yeb  to  satisfy  desired  ballistics. 

SPDE.  Smokelss  powder  containing  lead  car- 
bonate for  decoppering  purposes  and  otherwise 
similar  to  SPD  powder.  / 

SPDW.  Reworked  powder  made  from  ground 
stabilized  SPD  smokeless  "powder  regrained.  It  ' 
is  generally  used  jtor  training  exercises.  Many 
indexes  are  satisfactory  for  service  ammunition, 
and  service  stable  life  e:qperience  with  lots 
manufactured  in  recent  years  has  not  been  much 
less  than  nonreworked  powder.  ^ 
^  SPC.  A"  recently  perfected  cool  burning, 
single-ba3e  smokeless  powder  of 'ispecial nitrated 
nitroc^Uulosdv  containing  centrallte  as  a  stabi- 
lizer. ^  J 

SPCA.  Smokeless  powder  of  albanlte  type 
'double-base  containing  DINA  as  substitute  for 
nitroglycerin  and  with  centrallte  as  a  gtabilizer. 


/ 

It  is  white  in  color  and  has  not  been  exjfensively 
manufactured.  ^  ' 

SPCF.  A  single-base  smokeless  powder,  simi- 
lar to  SPC  powdei;,  but  containing  ingredients 
added  during  manufacture  to  render  the  powder 
flashless.  ,  •       '  * 

SPWF.  Reworked  flashless  powder  made  from 
^ound  stabilized  SPD  smokeless  powder  to  which 
certain  compounds  were  added  during  remixing. 

BALLfSTIfE  . 

Ballistite-is  a  double-base  powder  used  as 
rocket  piropellant.  It  is  composed  of  nitron- 
cellulose,  nitroglycerin,  and  diphenylamine  which 
acts  as  a  stabilizer.  It  btims  with  a  considerable 
amoimt  of  flash  and  smoke,  and  generates  a  great 
volume  of  ga^.  Ballistite  bums  progressively 
but  at  a  slower  rate  than  gunpowders.  The  rate 
of  burning  ^s  dependent  upon  -the  composition 
and  physical  characteristics  of  tlie  powder  grain, 
the  temper  attire^  of  ithe  powder  grain  before' 
ignition,  and  the*  pressure  during  ^reaction.  It 
is  produced  in  various  shapes  to  fit  the  rocket 
motor  housing,'  and  is  ignited  by  the"^  flash  of  a 
black  powder  charge ,  which,  in  turn,  is  ignited 
electrically.  Obvious  disadvantages  are  the  tell- 
tale flash  and  black  smoke.  / 

NACO  (NAVY  COOL)  .  ' 

NACO,  is  a  rather  recent  development  in  the 
field  of.  Navy  gun  type  propellants.  The  basic 
formula  is  a  typical  single-base,  but  it  is  man- 
ufactured from  low-nitration  nitrocellulose  to 
.provide  cool,  clean  burning  without  the  use  of 
soot-produfcing  coolants.  NACO  compositions  also 
provide  decqppering  action  of  the;  gun  barrelTjy 
an  alloying  process. 

NACO  powder  bums  at  a  lower  temperature 
than  other  cqnventional'gun  powders.  The  reduced 
*.heat  lessens  gun  barrel  erosion  thereby  length- 
ening barrel  life. 

Another  important  characteristic  of  NACO  is ' 
.its  reduced  muzzle  flash  making  the  powder 
desirable  for  ni^t  firing  as  well  as  daytime  use. 

Currently  NACO  is  being  operationally  used 
in  the  5**/54  'gun  mount^ 

INITIATING  EXPLOSIVES 

The  e^qplosives  used  as  initiating  eJ?)losives 
are  the  priipary  high  e^qplosives  mentioned  pre- 
viously in  this  chapter.  The  high  e;4)losives  arQ 
used,  in  varying  amounts  in  the  different  primers 
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and  detonators  employed  by  the  Navy,  and  there- 
fore differ  considerably  In  sensitivity,  brisance, 
and  tiie  amount  of^eat  given  off.  The  e;q}losives 
discussed  in  this  section  are  lead  azide,  lead 
styphnate,  tetracen^,  and  diazodinitrophenol 
(DDNP), 

Lead  Azide 

Lead  azide  has  a  high  ignition  temperature  and 
is  less  sensitive  to  shock  and  friction  than  mer- 
cury fulminate.  The  brisance  of  lead  azide 
increases  as  the  pressure  applied  to  it  increases. 

Lead  azide  is  poisonous,* slightly  soluble  in 
hot  water  and  In  alcohol,  and  highly  soluble  in  a 
dilute  solution  of  nitric  or  acetic  acid  in  which 
a  little  sodium  nitrate  has  been  dissolved.  Lead 
azide  reacts  with  copper,  zinc,  cadmium,  or  alloys 
containing  such  metals  forming  an  azide  which  is 
more  sensitive  than  the  original  lead  azide. 
.Lead  azide  does  not  react  with  aluminum,  and 
detonator  capsules  for  lead  azide?  are  made  of  this 
metal.  The  hygroscoplcity  of  lead  azide  is  very 
low.  Water  does  not  reduce  its  impact  sensitivity, 
as  In  the  case  with  mercury  fulminate.  Ammonium 
acetate  and  sodium  dichromate  are  used  to 
destroy  smajl  quantities  of  lead  azide*  Lead  azide 
may  be  used  where  detonation  is  caused  by  flame 
or  heat.  The  velocity  of  detonation  is  approxi- 
matfely  17,500  f^s/lts  color  variesirom  white  to 
buff.  Lead  azide  has  become  the  most  widely 
used  in  detonators  of  major-caliber  base  deto- 
nating fuzes,  or  point  detonating  fuzes,  and  of 
auxiliary  detonating  fuzes.  It  is  also  used  in 
priming  mixtures. 

Lead  azide  is  completely  stable  in  storage  even 
at  elevated  temperatures.,  ^ 

Lead  Styphnate 

There  are  two  forjns  of  lead  styphnate,  the 
normal,  which  appears  as  six-sided  monohydrate 
crystals;  and  the  basic,  which  appears  ^ls  small 
rectangular  crystals.  Lead  styphnate  Is  particu- 
larly sensitive  to  fire  and  the  discharge  of 
static  electricity;  when  dry,  styphnate  \can  be, 
readily  ignited  bj  static  discharges  from  the 
human  body»  The  longer  and  narrower  the  crystals, 
the  moxe  susceptible  the  material  is  to  sta.tlc 
electricity.  Lead  styphnate  does  not  react  with 
metals.  It  is  less  sensitive  to  shock  and  friction 
than  lead  azide.  Lead  styphnate  is  slightly  soluble 
in  water,  and  methyl  alcohol  and  may  be  neutra- 
lized by  a  bolutlon  of  sodium  carbonate.  The 
velocity  of  detonation  Is  approximately  17,000ft)S. 
The  color  of  lead  styphnate  varies  from  yello^y 


to'  brown.  Lead  styphnate  is  used  as'a  component 
in  primer  and  detonator  mi^^res.  It  is  stable 
in  storage  even  at  elevated  temperatures. 

Diazodinitrophenol  *        '  ^ 

Diazodinitrophenol  (DDNP)  is  a  yejlowish 
brown  powder.  It  is  soluble  in  acetic  acipi, 
acetone,  strong  hydrochloric  /icJid,  and  mo^t  of 
the  solvents  but  insoluble  in  waters  A  cold 
sodium  hydroxide  solution  may  be  used  to  destroy 
"it.  DDNP  is  desensitized  by  immersion  in  water 
and  does  not  react  with  it  at  normal  temperatures. 
It  is  less  sensitive  ,  to^impact  fcu^mdre  powei^^ul 
than  lead  azide.  The'  sensitivity  of  DDNP  to 
friction  is  approximately  the  same  as  that  of 
lead  azide., 

DDNP  is  used  with  other' mate rialls  to  form 
priming  mixtures,  particularly  wh6re  a  high 
sensitivity  to  flame  or  l^eat  is  desired.  , 

DDNP  is  stable  in  stora^  even  dt  elevated 
t^peraturesv^  * 

BOOSTER  EXPL'OSIVeS*  ^  '  a 


The  explosives  ^sed  as  booster  explosives 
consist  of  a  moderately  sensitive  high  explosive^ 
However,  they  are  generally  more  sensitive  tlian*" 
those  high  explosives  used  as  burster  explosives.  ^ 
As  high  explpsives  used  for  booster  puJrposes, ' 
they  fall  in  the  intermediate  range  of  sensitivity. 

Tetryr  '  • 

Tetryl  is  a  .derivative  of  methyl-analine  and 
is  classified  as'a  nitroaromatic  compound.  Tetryl 
is  a  fine  crystalline  material  practically  insoluble 
in  water,  but  soluble  in  acetone,  ammonia,  ether, 
carbdn  tetrachloride,  and  bdnzol.  Tetryl  melts 
at  about  130**  C.  H"eated  above,  its  melting  point, 
it  undergoes  gradual  decomposition,  andexplodes 
when  e;q}Osed  to  a  temperature  Qf  60®  C  for  5 
seconds.  Tetryl  will  corrode  steel  ^{/hen  in'the 
dry  or  moist  state.  It  is  practically  nonhygro- 
scopic  (after  proper  drying),  but  moisture  does 
Interfere  with  its  effectiveness.  Tetryl  is  chem- 
ical!/ stable  at  ordinary  temperatures.  It  is 
more  sensitive,  to  shock  or  friction  than  TNT 
and  more  powerful  than  TNT.  Tetryl  l^  more 
sensitive  to  detonation  by  lead  azide  than  TNT 
and  is  readily  e;q)loded  by  penetration  of  rifle  ^ 
bullet.  Tetryl  canbelnifiatedfromflame, friction/ 
shock,  or.  sparks;  bums  readily; 'arid  is, quite 
likely  to  detonate  if  burned  In  large  quantities. 
The  velocity  of  detonation  of  tetryl  Is  approri- 
mately^  24,000  fps.^  When  pure,  tetryl  is  llghf  - 
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yeljow,  but  is  usually  gray  after  loading  because 
of  the  graphite  mixture  usedin  the  loading  process,^ 

Tetryl  is  sensitive  to  mechanical  shock,  and  is 
usQd  as  a  booster  charge  between  the  lead  azide 
detonator  and  the  high  explosive  bursting  charge* 
Tetrj;}  is  also  used  as  a  filial  in  binall-calil^r 
projectilels.  Tetryl  is  loaded  in  pellet  form,  the  ^ 
pellets  being  pressed  after  being  mixed  with 
,small  quantities  cf  "graphite  which  's^rve  to 
lubricate  it  while  it  is^:)eing  pressed. 

Tetryl  is  poisonous  when  taken  internally  and 
causes  .dermititis  ofi  contact  with  skin.  Pre- 
.  cautions  are  therefoiire  necessary  when  handling' 
and  packing  tlie  dry  material.  Special  precautions 
must  be  taken  to  prevent  ignition  or  ejq^losion  by* 
friction  or  blows 're suiting  from  rough  handling. 
Tetryl  should  te  kept  dry  and  protected  from  high 
•temperature  and  sparks. 

FILLER  (BURSTER)  EXPLOSIVES 

There  are  several  high  ejq)losives  currently 
used  by  the  Navy  as  fillers  for  txjmbs,  torpedoes, 
mines,  and  projectile's.  The  principal  e)q)losives  ' 
-  are  TNT,  RDX^andejq)iosiveD.  These  e?q)losives, 
when  combyied  in  various  •percentages  and  com- 
binations, produce  numerous  high  e)q)losiveswith 
varying  degrees  of  sensitivity,  brisance,  rate  of 
detonation,  and  other  pertinent  character! stujs. 
The  principal  explosives  and  some  of  the  more 
common  derivative  •ejq)losives  are  discussed  in 
the  following  paragraphs. 

•  *        '  »     *  ... 

Trinitrotoluene  {T>JT) 

Tnmtrotoluene  is  a  crystalline  substancel 
»  The  importance  of  trinitrotoluene  as  a  ndlitary 
explosive  xs  leased  upon  its  relative  safety  in 
manufacture,  loading,. transporation,  andstofage, 
^and  upon  its  powerful,  bjiisant,  and  ejq)losive 
properties..  Manufacturing  yields  are  high  and 
production     relatively,    economical.  Chemical 
names  for  TNT  are  trinitrotoluene  and  trini- 
tr9tol  and  other  commercial  names  are  Tfilit, 
Tolite,  Trinol,  Trotyl,  Tritolo,  Triione,  Trotal, 
,  and  Triton. 

It  is  toxic,  oderless,  comparatively  stable, 
nonhygroscopip,  and  relatively  insensitive.  When 
pure,  it  varies  from  white  to  pale  yellow  in  color 
and  is  known  as  grade  A  TNT.  When  the  pro- 
portion of^  impurities  is,  much  greater,  the  color 
is  daiker,  often  being  biown,  and  is  known  as 
grade  ji-B  TNT..  It  may  l^e  ignited  by  Impact, 
friction,  bpark,  shock,  oi  htat.  INT  does  not 
form  sensitive  cbhipOunds  ^ith  hiC&t  niLtals. 
,The  melting  point  vai'i^s  between  C  fur 

grade  a'  (iefl?i^d  fM)  j..d  7f  '  C  tv'i  grade |B 


(crude  TNT).  TNJ  does  not, appear  to  be  affected 
by  acids  but  is  affected  by  alkalies  (lye,  w'ashmg 
soda,  etc.),  becoming  pink,  red,*or  brown,  and 
more  sensitive.  Like  most  other' ejq)losive^,  but 
.  to  a  greater  extent^  it  is  adversely  affected  by 
sunlight  becoming  darker  in  color  and  deteriOr- 
•  ating  in  melting  point  and  purity.  It  is  pracr 
tically  insoluble  in  water,  but  soluble  in  alcohol, 
.carbon  tetrachloride,  ether,  benzene, /tarbon * 
disulphide,  acetone^- and  ce!rtain  other 'solvents. 
The    velocity  .  of   detonation  is  approximately 
22,300  fpsi^        \  , 

T^IT  may  be  cast  into  burster  chauges  for 
^projectiles,  bombs,  depth  charges,  warhead?, 
mines,  and  rocket  heads,  TNT  is  nontjally  com- 
bined with  otheE  high  e:q)iosives  to  farm  burster 
charges*  Cast  TNT  is  rather  difficult  to  detonate. 
It^iisually  requires  a  booster  charge  of  refined, 
granular  TNT' .or  tetryl  to  ensure  complete 
high-order  detonation.  For  fuzes  and 'boosters, 
a  refined,  granular  TNT  is  used. 

In  a  granular  or  crystalline  form,  and  when 
unconfined,  TNt   biirns^  freely  and  iiiay  barn 
Without  detonation.  However,  there  are  a  few 
instances  on  r^rd  of  larg^  quantities  detbnating 
after  having  bu^^ned  for  a*  while.  Thih-walled 
ammunition  such  as  bombs,  depth  charges,  mines, 
warheads,  and  similar  ammunition  containing 
TNT  burster  charges;  containers  of  bulk  TNT; 
and  demplitipn  charges  are  subject  to  sympathetic 
detonation  or  detonation*en  masse.  This  property 
makes  it  nebessary  to  separate  'IJNT  storage  - 
from  other  types  of  explo&ive  storage,  especially 
fuzes'  and  detonators,  and  from  fire  hazards 
which  may  initiate  a  detonation.  Contiary  to  the 
beliefs  of  many,  TNT  is  not  so  insensitive  that 
it  can  be  treated  roughly  with  Impunity. Instances^ 
are  on  record  where  small  globules  have  been 
detonated  by  scraping  them  with  ^a  knife  and 
where  a  pipe  plugged>ith  TNT  detonated  wlien 
hammered.  ^  .    , ♦ 

.Exudate  has  been  known  to  seiJarab^-  iVonicast 
TNT;  It  may  appear  pale  yellow  to  brown  in  „coIor 
and  vary  in  consistency  from  an  oily  liquid  to  a, ^. 
more  viscous  one.  The   amount  bi\^  ratei  Of  ' 
separation  defiend  primarily  upon'  the  purity  of] 
the  TNT  and  ^condarily  upon  the  termperatiire  * 
of  the  storage  place.  Grade  B  (low-melting; 
point)  TNT  may  emde  considerable  liyquid  and 
geneyrate  some  gas.  This  exudation  is  accelerated  * 
with  an  increase  in  temperature'. 

Pure  TNT  will  notexude  sjnceexudate  consists 
of  impurities  which  have  not  been  extracted  in  the  . 
refining  prpcess.  Exudate  /s  a  ftiixture  of  low.ex 
melting  isomers  of  TNT,   nitrocompounds  of  ' 
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toluene  of  lower  nitration,  and  possible  nitro- 
compounds of  other  aromatic  hydrocarbons  and 
alcohols.  It  IS  flammable  aiid  has  high  sensi- 
tivity to.  percussion  when  mixed  with  absorb^aits. 
Its  presence  does  no  appreciable  harm  to  the 
stability,  but  somewhat  reduces  the  explosive, 
force  of , the  main  charge.  In  some  ammunition, 
an  inert  wux  paciis  used  in  the  loading  operation^ 
and  in  sonie  cases  wax>'  material  may  ooze  from 
the  case..  It  should  not  be  confubud  with  the  TNT 
•  exudate  described  above.  This  material  should,. 
>^bowever,  )oe  tested  for  INT  to  confirni  its  actual 
J^omppsiCion.  '        •  ^     \  , 

C  TNT  exudate,  when  mixed  \vith  a  combu6ti\)ie 
material  such  as  wood  clups,  sawdu&t,  or  tsotton 
waste,  will  form  a  low  explosive  which  is^liiglily 
flammable  and  ignites  easily  from  a  small  flOhife," 
It  can  be  fexplodeS  in  a  manfier  similar  to  a  liivy  ; 
grade  of  dynamite,  hut  the  main  danger  Is  its  live 
hazard.  Accumulation  of  exudate  is  considered  a 
great  in^fc^^  bolh  explosive  and  fire,  and  Should 
always  be  avoided  by  continual  removal  and  dis- 
posal Of  the  exudate  as  it  occurs.  Fre fluent 
inspection  of  all  cast  TNT  ammunition  should  be 
m^ide  to  see  that  exudate  is  not  present.  . 

The  exudate  is  soluble  in  acetone  or  alcohoj. 
One  of,  these  solvents  (taking  care  to  provide 
adequate  ventilation)  or  clean  hot  water  should 
be  used  to  facilitate  removal  and  disposal  of  the 
exudate.  Lnder  no  circumstances  should  syap  or 
other  ?Jkeline  preparations  be  used  to  rempve 
tlii^  exudate,  as  the  addition  of  a  small  amount  of 
hydroxide,  caustic  soda,  or  potash  will  sensitize 
TNT  and  cause  it  to  explode  if  heated  to  1^0  F. 

Tritonal 

Tritonal  is  composed  of  80  percent  TNT  aid 
20  percent  aluminum.,  powder,  Tritonal  ^is  non- 
corrosive,  toxic,  fitndpossesses  satisfactory  std^-; 
age  properties.  Its  melting  pointis  81*^.0,  and  it  is 
soluble  in  acetone.. .  Velocity  .  of  detonation  is 
approximately  18;000  fps.  The  color  is  gray. 

iritonaf  us  used  primarily  in  anti-swimmer 
devices.  Tritonal  is  cast,  segregation  of  the 
aluminum  being  prevented  by  a  pellet  loading 
technique.  ■  ^ 

Composition  A*  * 

Composition  A,  is  a  wax-coated,  granular 
explosive,  consisting  of  91  percent  ftDX  and  9 
percent  plasticizinj;  wax.  The  wax  content  is 
sufficient  to  desensitize  the  mixture  and  lub- 
ricate it  enough  to  allow  it  to  be  presseddnto 
projectiles. 


Composition  A-3  is  not  melted  or  cast.  It 
is  nonhygroscopic   and  posses^e^  satisfactory  • 
storage  properties.  The  melting  point  of  com- 
position A  varies  from  ^OO"*  C  to  230**  C.  Com- 
position A  is  •  appreciably '  more  brisant  and 
powerful  than  TNT  as  is. indicated  by  its  velocity^ 
of  detonation  of  approximately  27,000  fps.  Its 
color  may  be  White  or  buff,  depending  upon  ttje  ^ 
color  bf  the  wax  used  to  coat  the  powdered  RDX. 

Compojsition  A  is  used  as.  a  filler  in  pro- 
jectiles,"  which  contain  a  small  burster  cavity 
suoh  as'  anti-aircraft  projectiles.  Three  varieties  " 
of  cpmposition  A  have  beer\  developed,  designateid 
composition  A-1,  A-2,  and  A-3.  They  can  also  ibe  ¥^ 
.used  as  compressed  fillers  for  medium-caliber  ^ 
projectiles. 

*  .  »  *  " 
•Composition  B. 

■    -  '  '  *► 

Composition  B-l  is  a  mixture  of  59  percent  . 
RDX,  40  percent  TNT,  and  1  jiercent  wax.  Com- 
position B-2  is  a  mixture  of  60  percent  BDX 
and  40  percent  ^  TNT.  The  TNT  reduces  th^ 
seilsitivity  of  the  RDX  to  a  safe  degree  ana 
lowers  the  melting  point,  ttiereby  allowing  the 
niaterial  to'be  cast-foaded.  "   '  - 

ComjDosition  B'  might'be  detonated  at  low  or 
high  order  depending  on  case  material  by  bullet 
impact.  The  total  energy  of  blast  in  air  of 
composition  B  is  about  116  percent  of  that  of 
TNT.  Composition  B  iS  nonhygroscopic  ,and  re-  ^ 

*  mains,  stable  in  storage.  It  has  an  extremely 
high  shaped  charge  efficiency.  The  velocity  of 
detonation  is  approximately  24,000  fps  and  its 
color  is  yellow  to  brown. 

■   Composition  B  has  been  u6ed  as  a  more 
powerful  replacement  for  TNT  in  loading  some  of 
the  rifle  grenades,  and,  some. rocket  he&ds.  It 
can  be  used  where  an  explosive  with  more  power 
and  brisance  is  of  tactical  advantage  and  there  ^ 
;is  no  objection  to  a  slight  increase  of  sensitivity.  ^ 

Composition  C  '  ,     ^     ^  . 

* .        '  *' 

Composition  C-3  is  one  of  the  composition C 
series  that  has  now  been  replaced,  by  C-4, 
especially  for  loading  shaped  charges.  However, 
quantities  of  composition  C-1  and  composition 
,C-2  may  toe  found  in  the  field.  Composition  C-3^ 
is  88.3  percent  RDX  and  H.7  percent  plastici-  ^ 
zing  oil.  Composition  C-3  is  77  percent  RDX, 
3  percent  tetryl,  4  percent  TNT,  1  percent 
nitrocellulose,  5  percent  MNT  (mononltrotoluol)r, 
and  10  percent  DNT  (dinitrotoluol).  Tlje  last* 
.  two  compounds,  while  they  are  explosives,  are 
oily  liquids  and  plasticize  ♦the  mixture.  The, 
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essential  difference  between  composition  C-^ 
and  composition  C-2  is  the  substitution  of  3,, 
percent. tetrylJip:  3  percent  Rl3x,  whichirhproves 

,  tl^e  plastic  qualities.  The  changes  were  made  in  an 
effort  to  obtain  a  plastic,  putty ^like  composition 
to  meet  the  requirements  of  anidealexplosivefor 
^lolde'd  and  shaped  charges  ^hat  will  maintain  its 
plasticity  over  a  wide  range  'of  temperature  and 
not  exude  oil,      -  " 

Composition  C-3  is'  about  1.35  times  as. 
powerful  as  TNT.        melting  point  of  compo- 

^  sition  C-3  is  68**  Ctuid  it  is  soluble  . in  acetone. 

^  The  velocity  of  detonation  is  approximately  26,000 
fps.  Its  color  is  light  browja. 

HBX-HBX-l,  HBX-3,  H-6  ^ 

,The  HEX  group  of  explosives  are  .an  impo;*- 
tjEtnt  segment  of  (hfe  e:q)losives  used  by  the  Navy. 
Xbey.  all  contain  a  mixture^  of  corhppsition  B, 
TNT, '  alimiinum,  composition  I>-2>  and  calcium 

.  chloride  in^  varying  perjcentages  to  meet  the 
reqiflrements  of  their  principal  use.     ^     -  \ 
The  explosive  HI3X-1  is  not  .a  manufactured 
^product  tfut,  is  a  cast,  mixture  ,of  the  foregoing  < 

.  compositions.  HBX-lls  used  primal*ily  in  mines. 
,    HB-X-3  is  composed  of  the  same  .compositions 

,  as  HBX-1  but  •  in  different,  percentages.  The 

.'primary  use  of  HBX-3  is  in  mines  and  torpedo 
warheads.     .  .1        *   .  '  ' 

»  H-6,  a  later  development  in  the  family  of 
HBX  e;q)losives,  is^  composed  of  the  same  com- 
positions as  the  other  HBX  e:qplosives  with  again 
a  "difference .  in  percentage  of  'the  ingredients. 
•It  is  used  in  bombs  and  missiles  and_  is  a  cast 
filler  but  is  considered  superior  ta^the  other 
-HBX  compositions.     •         .  ; , 

The  e:qplosive  HBX  is  noncorrosive  and  chem- 
ically stable.  Tests  indicate  that  prolonged  ex- 
posure to  unusually  higli  temperatures  may  cause 
the  loss- of  a  sntajl  part  of  the  wax  used  as  a 
desensitizer.  This  -wax  may  appear  as  exudate; 
however,  the  wax  is  not  e:q)losive  and  should  be 
cleaned  oft  by  normal  means.  The  melting  point 
of  HBX  variea  from  .80\C  to  90^  C.  HBX  has. a 
velocity  of  detonation  of  approximately  24,300 
fps,  and  a  Qolor  of  slate  gray. 


.  1.  Its  melting  point  is  top  high  for  it  to  be 
melted  and  cast;  therefore,  it  must  be  loaded  by 
"  pressing.       '  ,  '  > 

'2.  If  not  entirely  free. of  trac§^  of  unahi- 
moniated  picric  acid,  it  reacts  with  certain  metals 
^uch  a&|jlead,''potassiuni, -copper,,  ahd  iron  to  form 
sensitive  conipounds  and  nm&t  l^  protected  froni 
direct  contact  with  such  metals^The  color  varies 
fronr  yellow 'to  orangie  brown.  E:q)losive  D  is 
soluble  in  water  and  alcohol.  Its  nrjelting  point 
is  265*^, C»  E:q)lo&ive  p*is  ncft  hygroscopic  when 
dried  1x)  specified  moi&ture  content  (0.2  percent). 
It  is  ver>  djrfficult  to  detonate  and  difficult  to^ 
,  ignit©.  The  principal  \ise*of  explosive  D  igfas  a* 
'  burster'  chag^  ^  for  large  caliber  projectiles,. 
W^Iq  ^rs  powers  ,  and  <brisance  are  slightly 
infSrior  to  those  of  TNT,  it  is  much  more  fnsSnsi- 
ilve  to  shock  and  will  standimpact  on  armor  plate 
without  deflagi'aiing.  The  velocity  of  detonation  is 
-Approximately  21,300  fps.*  r  *  ^ 

PTHER  HIGH  EXPljoSIVES  -  , 

High  e;q)losive  compounds  are  ofterf  mixed  with 
the  principal  e:q)losrves  t6  produce  combination 
e:a)Io'sives  such  as  ammonium  nitrate,  nitro- 
guanidine,  and  picri<i  acid.    .  ^ 

Ammonium  Nitrate 


Explosive  D 


Explosive  D  or  ammonium  pfcrajf  is  a  high 
explosive  usually  derived  by  ^nitration  of  phehol 
followed  by  ammoni^tion  of  the  produced  picric 
acid,  in  bulk,  e:q)losive  p  appears  in  the  form  of 
finely  divided  crystals.  E:q)losive  D  s£ains  human 
hair  and  skin  yellow.  It  hag  two  major  dis- 
advantages: ^ 


■\mmonjunri  ^itrate  is  a  crystalline  powder 
varying  iq  cOlor  *  from  almost  white  to  brown.  It 
has  a  melting  fjoint  of  170^  C^  It  usually,  cannot  be 
detonated  by  heaj;  or  "friction  but  may  be  e:q)loded 
by  heavy  booster  §xplb^ives,  it^  also  may  be 
e:q)lodeB  by^/elatively  light  initiation  if  it  has 
^tee'h  sensiti2fed  ))y  certain  impurities,  aiiiong- 
vi^hich  are  many  carbonaceous  materials.  Ammp- 
nium  nitrate  is  not  (lammable  at  normal  tem- 
peratures^In  fires  Invqlylng  large  quantities  of^ 
ammonium  nitrate,  the  materl^  becomes  e:q)lo- 
sive  hazard.' The  e:q)losive  hazard  is  accentuated 
^y  conditions  of  partial  confinement  and  buildup 
of  a  certain  degree  of  pressure  in  the  gases  of* 
"  decomposition.  When  ainmonium  nitrate  is  iii 
.  Contact  witjj  copper-bearing  metal,  it  may  form 
\  sensitive  impounds.  When  granulated  in  a  spexrfal 
^ffnrrfnly'  coated  with  certain,  noncombustible 
materials,  ammonium  nftr&te  is  widely  used  as 
an  efficient  nitrogenous  fertilizer. 


Nitroguanidlne 

Nitrogufenidine  is .  a  powerful  high  ebcplosive 
which,  whe'n  incorporated  in  propellant^  inappr^*; 
ciable  quantities,  results  in  a  prppellant  that 
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burns  in  a  gun  with  a  temperature  so  cool  that  n^ 
muzzle  flash  is  produced, ,  ^ 

Nitroguanldine,  under  moderate  temperature 
and  humidity,  i?  acceptably  stable*  It  is  com- 
parable in  strength  to  TNT  and  its  sensitivity 
is  somewhat  less  than  that  of  TNT.  The  velocity 
of  detonation  of  nitroguanidinej^s, approximately 
24i4O0  IpsJ  The  color  is  white  to  yellowish. 

Dynamite,  r 

.  Dynamites  and  blasting  gelatins  are  explosives 
procured  from  commercial  sources. Their  sepsi- 
tiVity  and  keeping  qualities  are  of  a  different  order 
than  those  of  standard  military  expl^i^s.  There- 
fore, special  conditions  for  handli^EUid  storage 
are  mandatory.  Dynamite  is  more  hazardous  in 
storage  than  other  high  explosives  because: 

.1.  It  .may  exiide  mtroglycetin  which  is  a 
greater*  fire  and  e5q)losion  hazard  than  other 
types  of  exudate.  j  ^ 

2.  It  deteriorates  more  rapidly  than  other  high 
explosives.  Therefore,  it  is  a  policy  not  to  store 
dynamite  and  blasting  gelatins  in  large  quantities 
at  naval  activities  handling  ammunition  or  explo- 
sives, except  with  specific  approvals 


PYROTECHNiCS 

Pyrotechnics  is  a  Greek  word  for  fireworks. 
The  Navy  uses  fireworks  not  for  celebration,  but 
for  illumination,  marking  and  signaling.  An 
example  is  the  illuminatingprojectileor  starshell 
(So)  used  to  iljuminate  targets  for  gunfire.  A 
starshell  actually  is  apyrotechnic  device  although 
it  is  encased  in  a  projectile  body  of  standard 
external  shape,  and  is  fired  frOm  fr.  standard 
rifled  gun*'  * 

'In  the  following  sections  We  discuss  pyror 
technics  launched  by  hand  or  from  special  pro^ 
Jectors,  Or  simply  held  by  hand.  All  the 
.pyrotechnics  w6  study  here  are  intended  for 
sigAaling.  '  '  ■ 

The  Navy  issues  pyrotechnics  not  only  for  use 
aboard  its  surface  combat  ships,  but  also  for 
use  by  aircraft,  submarines,  motor  torpedo 
boats,  merchant  ships  and  for  lise,  ashore.' How- 
ever, we  discuss  only  those"  issued  as  ship's 
pyrotechnics.  For  the  others,  see  the  OPs  on 
pyrotechnics  (at  present  OPs  1511,  2213,  and 
2793).  "     '  :  -  ^ 

The  pyrotechnic  .units  we  describe  are-^ 


1,  I^lanne  location  Hiarkerb 

2.  Signal  lights,  and  the,  pyrotechnic  pistols 
and  projectiles  used  in  firing  them 

'  3.  Distress  and  hand  signals 
4.. Navy  lights. 

MARINE  LOCATION  MAUKERS 

*  Marine  location  markers  are  of  two  general 
types— those  for  day  uft  (Mk  1.  Mod  .3)  and  for 
night  use  (Mk  2).  The  marker  for  daytime  use 
spreads  a  patch  of  bright  yellow  dye  on  the 
water;  thti  night  t>"pe  burns  with  a  yellow  flaine 
for  45  to  55  minutes.  Both  types  are  ii3ed  to 
indicate  the  point  of  discharge  Of  depth 'ch,arge 
barrages  and  to  provide  a  reference  point  for 
fur^thdr  antisubmarine  attack.  (A  Mk  1  Mod  2 
marKer,  still  occasionally'  used,  has  green  dye.)' 

Strictly  speaking,  the  marine  location  mar- 
kers. Mk  1  Mod  2  and  3  are  not  pyrotechnics. 
Their  displays '  are  not  produced  by  burning 
pyroteclmic  compositions.  These  devices  do, 
however^'  contain  explosive,  charges  that  serve  to 
burst  the  outer  container^.  The  markers'  are, 
covered  in  this  section  because  of  their  ioose 
relatio^iship  to  pyrotechnics. 

.  Marine .  location  Marker  Mk  1  Mod  3  (fig, 
2-3)'  IS  a  cylindrical  waterproofed  container 
about  12  inches  long  and  3.5  inches  in  diameter. 
When  you  pull  the  ring  attached  to  the  safety 
pin  and  release  the  safety  lever,  the  primer 
ignites  the  time  fuze.  Fifteen  seconds  later^the 
black  powder  charge  txirsts  the  two  dye  con- 
tainers and  scatters  the  d>e.  The  marker  is 
dropped  about  25  yards  frbni  the  actual  point 
where  the  depth  charge  itself  w  as  launched  so  that 
the  depth  cha^rge's  ••boii»»  when  it  bursts  will 
not  dissipate  the'  slick  of  dys.  Never  pull  the^pin 
until  the  Anarker  is  to  be  launched.  After  the^pln 
^is  pulled,  keep  the  safety  lever  firmly  against 
the  marker  body  until  it  actually  leaves  your 
hand.  ,  . 

WARNING;  If  the  marker,,  is  accidentally 
dropped  after  the  'pin  has  been  pulled,  clear  the 
area.  DON'T  try  to  retrieve  the  marker  and  make 
it  safe  again;  it  cannot  be  done. 

If  exposed  to  moisture,  the  dye  in  the  marker 
cakes  and  doesn't  spread  very  well  in  the  water. 
The  markers  should,  therefore,  be  kept  dry. 

The  Mk  2  .(f^lgl^t)  marker  is  a;  sealed  nietal 
cylinder  7  inches  high  and  5  inches  in4iameter, 
shown  in  figure  2-4.  It  contains  two  chemicals; 
one  of  them  is  calcium  carbide,  the  stuff  that 
was^used  back  in  the  horse-and-buggy  days  for 
carriage  lamps.  When  wet,  calcium  carbide  gives 
off^acetylehe,  a  gas  that  smells  evil  but  burns 
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Figure  2-3.— Marker,  location,  marine' Mk  1. 

wdlh  The  other  chemical  (calcium  phosphide) 
when  wet,  gives  off  a  gas  that  ignites  by  itself, 
without  help  from  matches,  ignition  dharges, 
or  the  like.  The  calcium  phosphide^ignites  the 
acetylene,  which  burns  with  a  white  flame.' 

To  operate  the  marke^pull  the  rings  on  the 
marker  to  open  the  holes  dHow&rg  water  to  reach 
the  chemicals^  Then  throw  the  mMker  overboard, 
allowing  a  short  time  lag  to  ajroid  the  depth 
charge  »»boil".  The  flame  shotQd  appear  in  45 
to  50  seconds.  DON'T  remove  the  tear-strip 
rings  until  ready  to  cast  the  inarker  overboard. 
NEVER  handle  or  carry  the  markers  by  their 
tear-strip  rings. 

Night  depth  charge  markers  (Mk  2)  should  be 
inspected  while  in  stowage  for  damaged  teat 
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Figure  2-4.— Marker, Tbcation,  marine  Mk  2. 

strips.  Marker's  with^damaged  , strips  should  W 
di^osed  of  immediately  as  tinse,rviceable. 

SMOKE  AND  FLARE  MARKERS 

For  night  or  day  reference  marking  on  the 
I  ocean's  surface.  Marker,  Location,  Marine  Mk 
58  Mod  0  'is  used  chiefly  by  aircraft  patrols 
in  ASW  but  also  is  used  for  search  and  rescue 
operations,  man-overboard  marking,  and  similar 
applipa^ons.  It  can^so  be  dropped,  over  the 
side,  from  surface  sh^ps.  It  is  approximately 
21  1/2  inches  longandweighs  abbutl2  3/4  pounds. 
It  contains  a  battery  Squib,  some  stfiurter  mix,  ' 
two  pyrotechnic  candles,  and  a  transfer  fuse 
between  the  two  candles.  Before  launching,  the 
tear  tapes  over  the  water  port  must  be  removed 
so  that  the  sea  water  can'  enter  to  activate  the 
battery.  The  battery  current  ,then  energizes  the 
electric  squib  which  ignites  the  ptarter  mix,, 
which  in  turn  lights  the  pyrotechnic  candle.  When 
thejtirst  candle  hasbumed  out  in  about  2b  minutes, 
the  second  candle  is  started  1^  the  transfer  fuze. 
Figure  2-5  illustrates  this  marker. 
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.  This  device  consists  of  a  wooden  body  with  a 
flat,  die-cast  metal  plate  affixed  to  one  end  to 
■  protect  it  from  water  impact  damage  to 
maintain  it  in  the  correct  floating  attitude. 
There  are  four  flame  and  smoke  emissioir;^oles 
in  the  opposite  end,  each  capjfed  and  sealed'^with 
tape.  The  pull  wire.rix^,  also  at  the  emission  end, 
.  is  likewise  covered  witti  tape,  v    ,         ,  y 

The  Mk  6  signal  has  a  direct-firing  ignition 
system.  Ignition  results  from  pulling  the  pull 
ring.  The"  pull  ring  is  pulled  1^  hand,  and  the 
deA^ce  is  thrown  into  the  water  immediately.  The 
pull  wire  ignites  a  90-second  delay  fuze  which 
ighites  the  quickmatch  at  th^  top  of  the  first  of 
four  candles.  The  quickmatch  ignites  the  first 
candle  starting  mix  which,  in  turn,  initiates 
burning  of  that  candle,  E^qpanding  gases  of  com- 
bustion force  the  cap  and  tape  from  the  emission 
hole,  allowing  snioke  and  flame  to  be  emitted* 
When  the  first  candle  is  nearly  burned  out,,  a, 
transfer  ft^^  carries  the  ignition  to  the  quiclt^ 
match  of  the  next  candle  in  series.  This  process;  ■ 
continues  until  all  four  candles  have* burned. 
The-,  yellow  flame  and  gray-white  smoke  are 
produced  for  a  minimum  of  40  minutes. 

After  the  teai*  strip  on  the  shipping  containeyr 
has  been  reipoved^  the  following  rules  shall 
apply;  *       ' . 

1,  T^B  tape  over  the  pulT  ring  shall  not  be 
disturmd  until  immediately  before  hand  launch- 
ing the  signal.  This  tape  noj  only  prevents  an 
accidental  puU  on  the  puU  ring,'  but  also  protects 
.  the  igniter  assembly  from  moisture  wMch  might 
lender  the  signal  useless. 
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'  Figure  2-5.— Marker,  location,  marine 
Mk  58  ModO; 

Several'  other  types  of  markers  are  in  use,' 
but  the  present  modifications  require  launching 
from  aircraft  to  provide  the  force  needed  to 
rupture  the  dye  marker  or  to  activate  the  smoke 
.  and  fire  marker. 

The  Aircraft  Smoke  and  Illumination  Signal 
l3k  6  (fig.  2-6)  is  a  pyrotechnic  device  that  is 

^  launched  from  surface  craft  only  to  produce  a 
day  or  night,  floating  reference  point.  One  of  its 
principal  particular  uses  is  as  a  man-overboard 
marker.  It  was  previously  approved  for  launching 
from  low  performance'^aircraft  as  a  long-lxirhing 

'  marker  but  has  been  superseded  for  these  pur- 
poses by  Marine  Location  Marker  Mk  58, 


WARNING:  This  signal  is  initiated  by  the 
physical  movement  of  a  friction  wire  throu^ 
ignition  compound.  Extreme  care  must, be 
taken  to  prevent  tension  of  tife  pull  ring 
daring  all  handlinj^  operation; 

2,  If  this  device  is  prepared  for  launching  tod 
is  nft  launched,  the  pull  ring  must  be  securelx 
retaped  into  position  at  the^  top*  df  tiie  signal 
without  exerthig  any  pulling  ^force  on  the  pull- 
wire  igniter, 

3.  Under  no  circumstances  shallthese  signals 
be  stowed  or  restowed  with  tb0r  pull  rings 
e5q>osed  ofydih  any  wires,,  strings,  or  oUier 
material  <tf  any  kind,  joined  to  their  pull  rings. 

All  safe^  precautions  pe:kaining  to  this  sig- 
nal shall  be  observed.  In  addition,  the  following 
specific  rules  apply: 
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Figure  2-6.— Aircraft  smoke  and  illumination  Signal  Mk  6. 
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1.  Do  not  remove  the  tape  over  the  pull  ring 
^til  immediately  before  launching. 

2.  The  Mk  6  signal  must  be  thrown  over  the 
side  immediately  after  pulling. the  pull  ring.  This 
device  contains  a  maximum  90-second  delay  ele- 
ment between  initiation  and  candle  ignition. 

3.  In  all  handling,  extreme  care  must  &  taken 
to  avoid  pulling  on  the  pull  ring.  Atiy  slightest 
movement  of  the  friction  igniter  may  start  the 
ignition  train.      ^  • 


SIGNAL  LIGHTS 

^  Signal  lights,  ofte;i  called  Very  lights  (not 
because  they  are  .veij^  Ught,  but  because  that  is 
what  they,  were  called  by  the  French  who  origi- 
nated theni)  are  similar  in  appearance  to  a  stan- 
dard shotgun  cartridge.  When  fired  from  the 
proper  pistol  or  projector,  a  burning  star  (some- 
what me  a  star  from  a  roman  candle)  shoots 
high  into  the  air,  as  sliown  in  figure  2-7. 
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Figure  3-7 •—Projected  signal  light. 

The  Mk  2  signal  light  is  available  in  three 
colors— red,  green,  and  white.  Each  cartridge 
has  a  percussion  primer  and  a  propelling  or 
expelUng  charge  of  ten  grains  of  black  powder, 
which  projects  -the  burning  star  to  a  height  of 
about  200  feet.  The  star  chaxge  is  a  tightty 
packed  cylinder  wrapped  with  a  quick  match 
(a  fast-burning  fuze)  which  ignites  it  when  fired. 
The  star  charge  is  separated  from  the  e:q)eUing 
charge  My  a  shock-absorbing  wad  of  hard  felt. 
The  cartridge  is  closed  by  a  wad  which  is  so 
marked  that  color  of  the  star  can  be  determined, 
by  feeling  it,  as  shown  in  figure  2-8.  * 

The  red  star  may  be  identified  by  its  cor- 
'  rugated  closing  wad,  the  green  star  has  a  smooth 
closing  wad,  and  the  white  has  a  small  conical 
boss  on  its  closing  wad.  Each  of  the  three 
colors  may  also  be  identified  by  the  correspond- 
ing color  of  the  paper  on  the  cartridge. 

The  burning  time  for  each  of  the  stars  is 
approximately  6  seconds.  ^ 

The  lights  are  available  in  combination  kits 
known  as  Service  Box,  'Signal  Pistol  Mk  5; 
and  Reserve  Box,  Signal  Pistol  Mk  5.  Unless 
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Figure  2-8.— Markings  on  signaHight  Mk  2 
Mod  0  (Very  light). 

r 

packed  in  kits,  signal  lights  are  packed  in  a 
metal  can  in  units  of  tens,  and  100  cans  (1000 
signals)  are  packed  in  a  wooden  case  for  ship- 
ment. '       i    TM«4.  1 

Signal  lights  are  fired  from  signal  Pistol 
Mk  sT  Signal  Pistol  Mk  5,  for  use  with  signal 
light  Mk  2,  is  a  single-barrel,  breech-loading 
pistol,  11  inches  long.  Metal  parts  are  mounted 
on  a  plastic  frame.  A  cartridge  belt  (Mk  1) 
and  holster  are  issued  for  use  with  the  pistol. 
Figure  2-9  shows  ho\y>to  use  the  pistoU  - 

1.  To  load  the  pistol,  depress  the  latch 
button  below  the  barrel.  At  the  same  time  pull 
the  barrel  downward,  as  in  part  A  of  the  figure. 
Then  insert  the  signal  light  shell  (as  in  part 
B  of  the  figure).  Push  the  barrel  upward  again 
until  it  latches  closed.  The  pistol  is  now  ready 

to  fire.  .  .  .     o    i.  *t. 

2.  To  fire  the  pistol,  aim  it  upWard  at  the 
desired  an^e  but  dear  of  other  ships  or  per- 
sonnel. Pull  the  trigger,  ,as  shown  in  figure 
2-9C.  Keep  your  elbow  slightly  bent,  wKsn  firing, 
to  absorb  the  shock  of  recoil  and  prevent  the 
pistol  from  knocking  itself  out  of  your"  Kand^ 

3.  To  extract  the  expended  shell,  break  the 
pistol  open  again  (Step  A),  and  pull  the  shell 
out  of  the  chamber,  as  in  figure  2-9D.       .  ^ 
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Figurfe  2-^9,— Operation  of  signal  pistol  Mli^S. 


The  pistol  Mk  5  must  be  kept  in  serviceabl-y 
condition  at  all  times.  Clean  it  thoroughly  aft^ 
each  us€^.  Wipe  down  all  parts  with  a  clotti 
impregnated  with  light  machine  oiU^  After  as- 
sembly, wipe  the  ejqposed  parts  with  a  dry  cloth* 
Swab  the.  barrel  with  a  cloth  dampened  with 
acetone  or  oUver  solvit  to  remove  powder 
residue, 

*  When  loading  or  firing  pyrotechnic  pistols, 
NEVER  point  them  in  ^he  direction  of  other 
personnel  or  vessels. 

NEVER  "use  Signal  Pistol  Mk  5  with  ammuni- 
tion other  than  that  authorized  for  use  wjjh<fl. 
Conversely,  signal  lights  should  never  hb  fired 
from  shotguns,  or  from  projectors  other  'than 
thote  authorized. 

PYROTECHNIC  PISTOL  AN-M8 

A  pistol  similar  to  the  Mk  5  signal  pistol 
is  Pyrotechnic  Pistol  AN-M8  (fig.  2-10).  It  can 
be  used  with  a  number  of  signal  W^Us  of 
shotgun- shell  shape.  Some  of  these  she ug"  have 
paper  casgs  and  ^me  have  aluminum  cases. 
Aircraft  iuuminatipn  Signal  M  11  is  fired  only 
to  denote  aircraft  distress,  but  other  signals 
that  can  be  fired  fWDm  the  AM-M8  pistol  are 
used  £pr  signal  and  identification  purposes,  and' 
may  be  fired  from  aircraft  or  sur^ce  ships. 
The  use  of  the  different  colors  of  signals  wa^  ^ 
outlined  in  the  text  Seaman,  NAVTPA  10120- E;  ' 
particularly  with  regard,  to  their  use  in  lifeboats. 
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Figure  2- 1ju.-t  Pyrotechnic  pistol  M8, 
tripping  breech  lock. 

DISTRESS  SIGNALS 

The  DistrebS  Signal  Mk  13  Mod  0  provides 
by  day  a  pillar  of  smoke,  and  ]jy  night  a  fiery 
light.  lt*s  a'ipighjy  comfortmg  thing  to  have  in 
a  life  raft  oi^life  vfest.-^  - 

The  Mk  13  Mod  0  signal  (fig.  2-11)  is  a  metal, 
cylinder  about  5-1/8  inches  long  and  1-5/8  inches 
in  diameter^  It  v^eights  between  6  and  7 -ounces. 
On^  end  contains  a  duster  svhich,  when  ignited, 
produceb  Orange  sinoke  for  about  18  second^,  the 
other  end  contains  a  pyrotechnic  flfitre  pellet 
that  will  burn  18  to  20  seconds* 
'  Each  end  of  the  metal  tube  is  enclosed  Xsy  a 
soldered  cap  wim  a  pull^rftig  through  which  you 
can  put  your  finger.  When  you  pull  the  cap  loose, 
a  brass  wire  attached  to  its  inside  Surface  moves 
^^through  a  cap  ^jo^ted  with*  a  compo&ition  that 
Ignites  b>  friction,  setting  off  either  the  flare 
or  the  smoke  canister  (depending  on  ^hich  ring 
you  pull).  The  metal  caps  of  the  signal  ^re 
c<?v^red  svith  paper  when  issue'd,youmusti?emove 
the  paper  before  the  pull  rings  are  accessible. 

The  signal  body  carries  illustrated  instruc- 
tions for  use.  The  flare  end  has  embossed  pro- 
jections extending  around  the  case  to,  identify 
/it  as  the  end  to  use  at  night.  When  you  use  the 
'  signal,  point  it  awa>  from  the  face  and  hold  it 
at  arm's  length  at  a  30**  angle  after  it  ignites. 
[J^Uii  one  end  of  the  signal  has  bQen  used,  douse 
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Figure  2-11.- 
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-Distress  signal  Mk  13  Mod  0.  . 


the  signal  to  bool  the  metal  parts.  Keep  it  so 
that,  if  necessary,  the  other  end  can  be ^ised.  Each 
end  is  separately  insulated  and  water  proofed. 
NEVER  try  to  use  both  ends  at  once.  When 
using  the  smoke  signal,  keep  it  to  leeward. 

These  signals  are  shipped  in  wooden  boxes 
containing  100^  units.  They  are  also  available  in 

'  metal  cansj  containing  four  units  for  stowage 
in  life  boats,  inflatable  boats,  etc.  Avoid  rough 

'  handling  and  stow  in  a  cool,  dry  place  in  accord- 
ance with  standard  pyrotechnic  stowage  rules. 

NAVY  LIGHTS 

Navy  lights  are  hand  torches  that  burn  with 
a  briUiant  light  visible  at  night  up  to  3  miles 
,away.  They  come  in  two  colors,  blue  and  redt 
^'^Navy  blue  li^t  Mk  1  Mod  1  bums  between  60 
■-and:' 90  seconds;  NavV  red  Ught  "Mk  ^1  Mod  0^ 
bums  between  iSO^d  180  seconds.  The.  two 
li^ts'are  similar  in  appearance  and  constmc- 
tton  (fig.  2-12),  4 

Navy  li^ts  consist  of  a  paper  tube  which 
contains  the  pyrotechnic  substance  with  a  wooden 
handle  at  one  end  and,  at  the  other  end,  a  cover 
with  an, exterior  coating  of  abrasive  lik^  that 
on  the  scratching  side  of  a  safety  match  box. 
A  'tear .  strip^  protects  the  cover's  -exteiior*  The 
up^r  end  of  the  pi^r  tube,  beneath  the  cover, 
is  capped  by  a  4abric  impregnated  with  igniting 
compound  sim\lar  to  that  on  the  head  of  a  safety 
match*  - 

To  Ignite  the  Navy  light,  tear  off  the  pro- 
tective strip,  remove  the  cover,  and  scrape 
the  inverted  cover  across  the  top  of  the  paper 
tube.  When  you  do  this,  it's  advisable  to  hold 
the.  li^it  pointing  away  from  you  at  an  angle  of 
about  45**  to  avoid  contact  with  hot  particles 
falling  Off  the  |»yroteclinic  candle.  Hold  the  light 
at  that  angle  wWle  it  bums.  ^ 

Navy  red  lights  Mk  1  Mod  1  are  shipped  in 
metal  containers  with  6  or  12  Ughts  packed  In 
each*  Navy  bluei  ii^ts  Mk  1  Mod  1  are  also 
shipped  as'  part  of  ti^  reserve  box,  signal 
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Figure  2-12.— Navy  lights. 


pistol  Mk  5.  Since  these  lights  deteriorate  whe 
ei?)06ed  to  moisture,  do  not  remove  them  froi 
th^ir  containers  until  ready  for  use.  Tor  th 
same  reason,  keep  them  away  from  water  c 
moisture.  Li^ts  that  have  been  left  in  ope 
containers  for  more  than  €  months  should  t 
turned  back  to  the  nearest  'ammimition  Je^pot  c 
magazine  ^  at  the  eajrliest>  opportunityT  Light 
that  have  become  chemically  encrusted,  or  whlc 
give  off  an  acetic  acid  (vinfegar)  odor,  shou] 
be  disposed  of  immediately.  Put  th6m  in 
weighted  sack  and  dump  them  overboard. 

PYROTECHNIC  KITS 

Signal  lights  and  Navy  lights  are  issued  n^ 
only  by  themselves  but  also  as  kits.  These  kii 
are  assembled  around  the  'Mk  5  signal  piste 
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The  Mk  5  signal  pistol  service  box  contains 
two  pistols,  a  set  of  spare  parts  for  the  pistols, 
two  holsters,  a  cartridge  belt,  and  50  each  of 
red,  white,  and  green  cartridges.  These  kits  a^e 
the  ones  most  coirimonl>  found  aboard  ship* 


SAFETY 

No  matter  how  dangerous  the  worf,  familiarity 
is  apt  to  lead  to  carelessness.  AU  personnel 
involved  in  the  inspection  or  care  of  explosives, 
propellants,  and  p>rotechmcs  must  exercise  the 
upmost  care  to  ensure  that  regulations  and 
ingiructions  are  ngidl>  observed.  As  a  GMG  3 
or  2,  >ou  should  carefull>  supervise  those  under 
>ou,  and  frequeiUl>  warn  theni  of  the  nece&sit>  of 
using  extreme  caution  in  the  performance  of  their 
duties.  No  relaxation  of  vigilance  should  ever  be 
permitted.  The  following  safety  precautions  Hiust 
be  observed  when  working  with  explosives* 

Wlienever  amniunition  or  e;q>losiveb  are  being 
received,  transferred,  or  stowed,  the  work  should 
be  supervised  by  an  officer  or  petty  officer  who  is 
thoroughly  familiar  with  the  rules  for  care  and 
handling  of  e:q)losive&.  He  must  make  sure  that  all 
persons  engaged  in  the  work  are  properly 
impressed  .with  the  necessity  for  exercifeing  the 
greatest  care. 

All  ammumtion,  e;q)losives,  and  powder  n^ust 
be  protected  from  abnormally  high  temperature, 
if  so  e:q>osed,  they  must  be  handled  in  accordance 
with  current  instructions  (permissible  maximum 
storage  temperatures  are  pre&cnbe*d  by  the  Naval 
Ordnance  Systems  Conimand») 

Black  powder  is  one  of  the  niost  dangerous 
explosives  and  must  always  be  kept  segregated, 
Oidy  &uch  quantities  as  nieetininiediate  heeds  may 
be  taken  from  the  magazines.  A  container  of 
biack  powder  may  not  beopenedinaniagazme/nor 
in  the  viclmty  of  ^container  m  which  there  is  any 
e?g>losive. 

BallisUte  and  smokeless  powder  which  has 
been  wet  from  any  cause  must  be  regarded  as 
dangerous  for  dry  stowage.  Such  propellants  are 
to  te  handled  in  accordance  with  current  instruc- 
tions. 

Electric  igmters  6r  detonators,  electrically 
fired  rocket  motors,  or  electric  fuzes  may  NOT 
be  located  in  the  sanie  compartnient  with,  or  within 
5  feet  of,  radio  apparatus  oi  anteiina  leads. 

Pyrotechnics  contain  material  of  anextremely 
dangerous  nature.  Special  precautions  for  certain 
pyrotechnics  are  prescribed  in  the  seUion  re- 
lating to  the  specific  item.  The  following  general 
precautions  should  be  observed  at  all  times. 


Pyrotechnics  should  be  handled  carefully. 
Rough  handling  may  cause  mjnediatefunctioiUng, 
or  may  damage  the  item  so  it  will  not  function 
properly  at  the  time  desired.  Pyrotechnics  are 
niOre  easily  igmjed  tha^  rounds  of  explosive 
ammunition  and  the  bum^  is  usually  difficult 
to  extinguish.  Some  types  of  pyrotechnic  ammimi- 
tion^e  more  dangerous  than  other  types  of  serr 
vice'  ammunition,  and  proper  functioning 
is  important. 

F^ctioning-  of  pyrotechnics  is  affected  by 
moisture  so  they  should  be  stowed  in  a  dry, 
weli-ventilated  place.  Most  pyrotechnics  are 
packed  in  moisture-proof  containers  and  the  seal 
of  such  containers  should  not  be  broken  imtil 
just  before  the  item  is  to.be  used.  Pyrotechnics 
exposed  to  moisture  should  be  segreg&ted  imtil 
an  e^;caniination  has  proven  they  ar6  safe  and 
serviceable. 

Whenever  possible,  pyrotechnics  should  be 
stowQd  in  the  boxes  or  w^atertight  containers  in 
which  they  were  supplied,  and  should  be  sepa- 
rated according  to  type,  color,  and  lot  numter. 

Pyrotechnics  should  not  be  stowed  where  tl^ 
direc?  rays  of  the  sun  can  strik^^them,  and  they 
should  be  protected  from  excessive  and  variable 
temperatures.  The  temperature  in  stow  age  spaces 
should  be  below  100**  F,  The  main  reason  for  this 
temperature  limitation  is  that  many  pyrotechnic 
itemi  incorporate  commercial  percussion-type 
primers  containing  fulm,inate  Of  mercury  which 
deteriorates  rapiffly  at  temperatures  exceeding 
100** 

Aboard  ship,  smoke-producing  pyrotechnics 
should  be  stowed  above  deck  if  possible  because 
it  is  difficult  to  combat  fires  in  these  materials 
*vhen  they  are  stowed  where  the  smoke  produced 
Is  not  blown  away.  Water-activated  items  should 
be  stowed  separately.  If  water  is  used  to  fight  a 
fire,  .the  water  may  spread  the  fire  by  acti- 
vating the  pyrotechnics.  Smoking  or  carrying 
lighted  cigarettes,  cigars,  or  pipes  is  not  p^r- 
niitted  in  the  vicinity  of  pyrotechnics.  Matches 
and  other  flame  or  spark-producing  articles 
should  not  be  carried  near  places  where  pyro- 
technics are  stowed. 

When  a  cartridge  type  pyrotechnic  misfires,^ 
make  at  least  two  more  attempts  to  fire  it.  If 
it  still  fails,  to  fire,  the  pistol  or  projector  may 
beT  unloaded  after  waiting  a  minimum  of  30 
seconds.  Because  of  the  Jiature  of  pyrotechnics, 
most  types  deteriorate  iif4  shorter  period  of  time 
than"  other  types  of  service  ammunition.  The 
oldest  serviceable  py  rotechnics  available  should 
be  issued  first  to  ensure  the  continuing  avail- 
ability of  fresh  stock. 
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Pyrotechnic  material  shall  always  be  kept 
segregated  in  regular  pyrotechnic  stowage  spaces 
if  suclf  are  provided,  or  in  pyrotechnic  lockers  on 
upper  decks.  When  iiandling  or  loading  pyro- 
tec^mios,  the  number  of  units  exposed  or  removed 
from  *  stowage  at  one  time  should  be  kept  to 
a  minimum. 

Flares  are  more  dangerous  as  a  fire  hazsurd 
than  inany  types  of  ammumtion  because  they  are 
80  easily  activ^d  and  because  of  the  great 
heat -developed  by  the  burmng  illummant  csyidle. 
Extreme  csure  is  uecessary  in  stowage,  use, 
and  handling.  Flares  exposed  to  excessive  mois- 
ture of  mechanically  damaged  by  rough^  handling 
must  be  returned  to  ammunition  depots  or  dumped 
overboard*  Never  disassemble  flares  nor  remove 
parachutes  or  other  component^  nor  leave  them 
in  aircraft  indefinitely  grounded. 

Deteriorated  or  damaged  pyrotechnics  shall 
be  disposed  of  as  soon  as  sucli  a  condition  is 
discovered,  either  by  dumping  in  deep  water  or 
by  returning  to  a  shore  station.  Pending  disposi- 
tion, such  devices  shall  be  carefully  segregated. 

Note  ttie  following  safety  precautions  in  the 
use  of  Navy  U^ts;  ^     .  ^  ' 


1.  Select  carefully  the  place  at  which  the 
lights  N^ill  be  burned  because  burning  particles 
dropping  fjroni  the  lighted  candles  can  startfires. 

2.  Always  hold  tlie  light  ^up  at  an  angle  of 
45**  and  point  it  to  leeward  while  it's  burning. 

Additional  information  on  the  methods  and  safe 
handling  and  disposing  of  hi^  e:q)losive  exudate, 
powdered  high  e3q)losive  residue,  and  damaged 
e3q)losive  components  is  in  OP  3347,  United  States 
Navy  Ordnance  Safety  Precautions.  This  publi- 
cation, was  developed  for  operating  forces  lo- 
cated both  ashore  and  afloat  and  replaces  chapter 
20  of  QPNAV  34P1,  United  States  Navy  Safety  , 
Precaution^. 

The  scope  of  OP  3347  is  restricted  to  ex- 
plosive and  none:q)losive  ordnance  material  and 
equipment.  All' personxiel  in  ordnance  type  ratings 
and  strikers  for  such  ratings  have  the  responsi- 
bility of  enforcifig  the  proper  methods  and  the 
safety  precautions  related  to  all  types  of  ordnance 
material  and  equipment.  All  ordnance  personnel 
n.ust  remain  alert  at  all  times  to  avoid  a  tragic 
situation  brought  about  by  carelessness  or  by 
ignorance  or  niisu&e  of  ordnance  e;q)losives  and 
ammunition.  Read  and  study  OP  3347. 
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CHAPTER  3^ 

AMMUNITION  AND  MAGAZINES 


In  the  preceding  chapter  you  learned  aboutthe 
raw 'materials  that  are  used  to  make  i^)  explosives 
and  pyrotechnics.  In  this  chapter  we  will  stucfy 
Navy  gun-type  ammunition  including  its  construc- 
tion features  and  function.  We  identify  the  types 
of  projectileB  .and  fuzes  uee^  in  tte  Navy  and 
e;5>lam  the  color  coding  system  used  to  identify 
ammunition. 

*  We  also  discuss  magazirvesjandtteir  sprinkling 
and  alarm  systems.  We  e^qplain  the  safety  pre- 
cautions to  be  observed  when  operating  and  testing 
magazine  sprinkling  systems.  In  the  last  section 
of  this  chapter  we  discuss  safety  precautions  for 
handllngt  and  stowing  gun  arft  munition  and  rockets. 

Since  anamunition  is  a  major  subject  of  uiis 
chapter,  %e  will  first  supply  a  definition  or 
explanation  of  ammunition^ 

Ammunition:  A  contrivance  charged  with  ex- 
plosives, propellants,  pyrotechnics,  initiating 
composition,  or  nuclear,  biological,  or  chemical 
material  for  use  in  connection  with  defense  or 
offense,  including  demolitions.  The  definition, 
when  broadly  applied,  pertains  to  any  case  or 
contrivance  (a  mechanical  device  or  appliance) 
charged  with  ejqplosives.  Ammunition  is  classi- 
fied as  follows: 


1.  -Gun  ammunition: 

a.  Separate-loading  (ba^ 

b.  Separated 

c.  Fixed 

d.  Small-arms  (in*  reality  a  subclass  of 
fixed  ammunition)  ^ ' 

2.  Bomb  type  ammunition: 
a*  Torpedo  war  heads 

.  b.  Aircraft  bombs 
Ci  Depth  charges 
d.  Mines  • 

3.  Pyrotechnic  ammunition 
4»  Rodoet  ammunition^ 

5»  Impulse  ammunition 

6,  Demolition  charges  and  compor^nts  ' 

7.  Guided  missiles 


'GUN  AMMUNITION-PROPELLING  CHARGES, 

Pr<5>elllng  charges  for  gun  type  ammunition 
no  longer  fall  into  two  categories.  The  last 
U.  S.  Navy  ships  carrying  turret  guns  using 
bag  type  ammunition  have  been  placed  in  an 
in&ctive  status,  therefore  bag  ammunltipn  will 
not  be  discussed.  As  of  this  writingt  all  gun 
equipped  Navy  ships  in  the  active  fleet  use  case 
type  ammunition.  In  case  type  propelling  charges, 
the  propelling  charge  and  primer  are  contained 
in  a  cylindrical  m^tal  cartridge  case.  This 
ammunition  'is  of  two  types,  fixed  and  separated* 
In  fixed  ammimition  the  primer,  propelling  charge, 
and  projectile  are  assembled  into  a  sin^  imit 
which  may  be  loaded  into  the  gun  in  a  sin^ 
operation.  In  separated  ammunition,  the  primer 
and  propelling  charge  are  contained  in  a  car- 
tridge case  as  a  separate  plugged  unit,  with  the 
projectile  a  complete,  separate  unit.  Small  arms 
jammunition  is  fixed,  but  will  be  taken  up  else- 
where in.thi^  manual. 

CASE  TYPE  PROPELLING  CHARGES 

^  complete  round  oi  separated  ammunition 
consists  of  two  pieces;  a  projectile,  and  a 
cylindricair  metal -cartridge-^»se-^aled_  l5L_a_ 
cork  or  plastic  plug.  Separated  ammunition  is  used 
in  5,  6,  and  8-inch  guns.  Separated  ammunition 
cases  are  kept  in  airti^t  tanks  (fig.  3-1)  until 
they  are  to  be  fired.  . 

A  complete  round  of  fixed  ammunition  is  6ne 
piece,  with  the  cartridge  case  crimped  to  the 
base  of  the  projectile.  Fixed  3-inch  rounds  are 
.  kept  in  tanks,  but  smaller  calibers  are  stowed 
'  in  airtigjit  -boxes,  several  rounds  to  a  box*  . 
The  insides  of  both  the  fixed  and  separated 
ammimition  cartridge  cases  are  quite  Bimilar., 
Plgure  3-2  and  3-3  show  the  mfiln  components 
Of  both  type  cartridge  cases.  The  primer's  base 
fits  into  the  base  of  the  case  so  that  the  gun's 
firing  pin  lines  up  with  and  contacts  it  when 
the  breech  is  closed.  When  a  primer  can  be  set 
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COVER 
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Figure       — Powder  tank,  cover,  anpl  wrench. 


off  either  by  an  electric  firing  current  or  by  the 
mechanical  impact  of  the  firing  pin,  it*  is  called 
a  combination  primer.  A  black  powder  ignition 
charge  runs  the  full  length  of  the  primer's 
perforated  stock  or  tube,  and  does  for  the  case 
type  pr<q)elling  charge  what  the  ignition  pad  does 
for  the  bag  type  cjiarge.  This  type  primer  is 
called  a  case  combination  ignition  primer. 

Case  ammunition  with  combination  primers 
are  in  service,  but  the  majority  of  ammunition 
3-inch  and  larger  caliber  being  issued  to  the 
fleet  is  assembled  with  electric  primers* 

So  that  guns  using  separated  ammunition  may 
be  cleared  in  the  event  of  a  casualty  of  the 
electrical  firing  '  system,  ,  short  charges 
(bore  clearing  charge)  will  continue  to  be  as- 
sembfed  with  percussion  or  combination  primers. 


DISTANCE 
PIECE 


84,9(84A)A 
Figure  3-2.  —  Typical  cartridge  case  for 
separated  ammunition,  sectional  view. 
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VTFUZE 


CARTRIDGE 
CASE 


84.9(84A)A 

Figure  ,3-3.— Typical^ound  of  fixed  aimnimitjion, 
cactridge  case  assembled  with  projectile, 
*  *  sectional  view,  "  . 


WARNING;  You  are  NOT  authorized  to  disas- 
semble service  ammunition  to  get  at  primers, 
nor  to  disassemble  live  primers.  The  e:q)losive 
compounds  in  them^  as  you  shoiQd  have  learned 
from  the  preceding  phapter,  are  exceedingly 
touchy.  Even  if  aprimer  hasn*t  enou^  wallop  to 
blow  you  to  bits,  it  can  certainly  deprive  you  of  a 
finger  of  an  eye,_  and  it  can  easily  set  off  more 
powerful  ch^arges.  Under  proper  supervision  you 
may,  of  tjourse,  use  test  primers,  designed  for 
the  piirpose  of  checking  the  functioning  firing 
mechanisms  and  circuits. 

Remember  \p  pl^y  safe  with,  primers  when^ 
they're  assembled  into  their  charges,  tocHandla 
*  separated  .  ammunition  cartridge  cases,  twhen 
they're  out  of  their  tanks,  with  base  UP'  so  that 
you  won't  accidentally  set^  the, case  downonth^ 
deck,  where  a  rivet  head  can  set  off  the  primer. 
Similarly,  load  them  into  their  hoists  base  up. 

Now  let's  -look  at  the  case  in  figure  3-2 
again.  When  the  gun  fires,  the  casee^qjand^amder 
the  powerful  pressure  of  the  burning  propellant 
gas,  then  must,  contract  again  aftep^ard  so  that 
it  can  be  removed  from  the  chamber.  It  must  * 
not  stick  to  the  chamber  walls  nor  may  it  crack. 
For  a  long  while,  only  seasoned  brass  cases  could, 
be  relied  on  to  perform  correctly.  During  World 
War  n,  when  the  supply  of  brass  became  critical, 
metallurgists  developed  ^  a  special  steel  that 
served  adequately  and  has  since  almost  completely 
replaced  brass. 

Steer  is  cheaper  and  is  .  being  constantly 
improved,'  But  whatever  oases  are  made  ,of, 
used  cases  are  generally  called  '*fired  brass,**" 
Steel  cartridge  cases  ^e  no  longer  reloaded 
and  reused,  however,  since  the  cartridge  tanks 
are  required  for, reuse  th^"  fired  brass  may  be 
'  returned  in  the  empty  tank  for  tlie  fired  brass 
scrap  value. 

Immediately  after  'firing,  stand  ejected  cases 
(5-lnch  and  larger)  on  their  bases  to  permit 
residual  gases  (small  amounts  left  over  after 
firing  to  escc^  completely.  Then  replace  the 
cases  in  their  tanks.  Other  fired  brass  should  be 
replaced  in  the  ori^nal  containers,  tagged,  and 
stowed,  ^ 

in  the  center  of  -the  base  of  the  case  is  the 
threaded  hole  for  the  primer.  The  case  tc^rs 
slightly  towiard  the  forward  end*  so  that  it  can  be 
withdrawn  from  the  chamber  without  binding, 
A  rim  at  the  base  is  engaged  by  the  gun*s  ex- 
tractors. In  fixed  anmiunition,  the  case  often  has 
a  bottle  neck  in  which  the  projectile  is  crimped. 

The  propellant  powder  in  the  case  is  the 
7-perforation  kind  we  have  alreatty  studied, 
(Small-caliber  grains  have  one  perforation,)  The 
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powder  is  weighed  out  with  great  precision  aiid 
loaded  into  the  case  at  the  ammunition  factory. 
Since  it  does  not  take  up  all  the  space  inside 
the  case,  and  since  it  would  be  dangerous  for  the 
powder  to  have  a  lot  of  rcxkn  to  raftle  around  in. 


bourrelet  (fig.  .3-4),  It  is  slightly  larger  in 
diameter  than  the  projectile's  body;  the  purpose 
of  the  bourrelet  is  to  support  and  steady  the 
forward  end  of  the  projectile  *  as  it  Basses 
through  the  gun  borp,  ' 


it  is  tigbtljr  packed  and  sealed  under  a  cardboard.^  y  Toward  the  rear  of  .the  projectile  is  a  band 
or  pyralin  wad.  The  wad  is  kept  tight  by  a^-^of  fine  copper,  slightly  larger  than  the  gun's 


triangular  cardboard  distance  piece.  The  distance 
piece  bears  up  against  the  plug  that  closes  the 
mouth  of  the  case.  In  fixed  ammunition,  the  case 
is  seaied-by  the  projectile  basd', 

A  small  amount  of  Idad  foil  included  in  each 
propelling  charge  fimctions  upon  firing  by  clear- 
ing the  bore  of  the  metal  fouling  that  scrapes  off 
the  prbjectilg  rotating  band  onto  the  rifling  as  the 
projectile  passes  through  the  barrel. 


PROJECTILES 


J 


From  your  study  t)f  Seaman,  NAVEDTRA 
10120- you  learned  the  purposes  of  the  external 
parts  of  proiectiles  such  as  the  ogive,  bourrelet, 
and  rotating  band,  you  also  learned  that  the  pro- 
jectile's shape  is  designed  to  obtain  the  de&iied 
flight  characteristics  for  stability  and  for  mini- 
mum air  resistance;  Before e:q)laimng the  classi- 
fication, lypes,  and  general  construction  of 
projectiles,  wel'U  review  some  of  the  basic  , 
information  about  the  external  parts  of  prbjectiles 
studied  in  the  Seaman  manual. 

The  body  of  the  projectile"  is  formed  so  that 
the  forward  end,  called  the  ogive  (fig.  3-4), 
is  pointed,  permitting  the  projectile  to  push  its 
way  through  \the  air  with  a  minimum  of  drag. 
Just  aft  of  the  ogive  and  ringing  the  projectildl 
body  is  a  highly  finished  surface  called  the 
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Figure  3-4,— E^romAl  features  of  gun  projectile. 


bore.  This  band  is  called  the  rotating  band.  Its 
purposes  are  to  (1)  engage  the  rifling  of  the  gun 
and  impart  rotation  to  the  projectile  when  it  is 
firod;  (2)  keep  t^e  projectile  firmly  seated  in 
the  gun,  preventing  the  projectile  from  sliding 
back  when  the  gun  is  elevated;  and  (3)  seal  the 
bore  to  prevent  propellant.  gases  from  escaping 
'  around  the  forward  part  of  the  projectile,  j 


CLASSIFICATION  OF  PROJECTILES 

A  projectile  is  most  commonly  classified  by 
the  size  of  the  .gun  in  which  it  is  used.  In  addi- 
tion to  designations  of  bore  diameter,  such  as 
20MM,  3-inch,  or  16-inch,  the  length  of  the  guri 
bore  in  calibers  is  also  used  as  a  means  of 
classification.  Thus  a  3*V50  projectile  is  one  used 
in  a  bore  length  of  50  times  3  inches,  or  150 
inches.  Projectiles  are  also  classified  by  their, 
service  use  and  by^  their  purpose  and  construction. 

Classification  By  Service  Use, 

-  For  economy  and  for  safety,  gim  ammunition  is 
assembled  and  classified  as  follows; 


1,  Service:  'Ammunition  for  use  in  combat. 
The  projectiles  carry  esqplosiye,  illuminating, 
or  chemical  payloads, 

*2,  Target  and  Training;  Anmxunition  for  train- 
ing exercises.  The  projectiles  are  comparable 'in 
weight  and  shape  to  those  of  service  juixi^iunitipn  _ 


but  are  of  lass  ejqpensive.  construction  and  nor- 
mally contain  no  ejqplosive,  VT  NON-JFRAG  pro- 
jectiles are  an  exception  in  that  they  are  foy 
training  purposes  and  do  have  a  combina^M| 
black  powder-pyrotechQic  color  burst  ^lem6|H 
3,  Diunmy  or  Urill:  A^y  type  of  anununitioiF 
assen^bled  without  ^e^losives,  or  with  inert 
material  substituted  f or ^  ejqplosives,  to  imi-  . 
tate  service  ammunition.  The  ammunition  may 
be  made  of  metal  *or  wood»  Dummy  or  "»4rill 
ammunitidn  is  used  in  training  or  exerci'ising 
persoimel  or  in  testing  equipment.  It  is  normally 
identified  as  diunmy  cartric^s,  dummy  charges^ 
or  drill  projectiles.  Drill  projectiles  may  not  J)e 
fired  from  any  gun,  ^ 
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Classification  By  Purpose  And  Construction  f 

Projectiles  are  diassified  by  their  tactical 
j)urpo^  as  one  of  the  following  types;  pene- 
trating, fragmenting,  and  special  purpose.  Since 
targets  differ  in  design  and  purpose,  projectiles 
must,  also  differ  in  their  construction  to  make 
"^  them  more  effective.  If  you  were  to  cut  open^or 
purpose  of  inspection,  the  different  types  of 
projectiles  listed  above  (other  than  small  arms) 
you  would  find*that  their  construction  and  charac- 
teristics are  common.  Because  of  this,  pro- 
jectiles aie  also  classified  by  their  cpnstruction. 

!•  Thin-w ailed  projectiles,  designed  to.  inflict- 
damage  by  blast  effect  and  by  fragmentation 
(breaking  up  into  small  high-speed  fragments). 
These  projectiles  have  relatively  thin  walls  and  a 


large  cavity  for  the^burs.ting  charge.  The  types 
of  thin-walled  i)rojectiles  are  — 
^  .       a.  High-capacity  (HC)  (fig.  •S-'S)  for  use 
against  uiiarmoreci  surface  or  land  targets.  They 
are  usually  fuzed  to  function  upon  striking  the' 
target. 

.  b.  Antiaircraft'  (fig.  3-6)  designed  to' 
burst  in  air  for  use  against  aircraft*  They  aref 
usually  fiized  to  function  either' upon  approaching 
the  target  (Vf  or  proximity  fuze),  or  at  a  certain 
pre-selTttnAe  aftei*  firing  (time  fuze). 

c.  Aiitiaircraft  common  (AAC)  (Fig.  3-7) 
projectiles  are  equipj)ed  with  fuzes  that  detonate 
either  upoiyfeipact,  or  a  set^time  after  firing. 
These  projectilea  can  be  used  against  surface  or 
lan<fl  targets, 

d.  High-explosive  (HE)  projectiles  (fig. 
3-8)  for  use  against  un-armored  surface  or  land 
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Figure*' 3-5.—Typi^^mgh  capacity  projectile,  sectional 'view. 
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Pigure^S-e.— Ty|)ical  antiaircraft  projectile,  sectional  view. 
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Figure  3-8.— High-explosive  (HE)  projectile. 


targets  when  fuze^i^th  PDF  (HE- PDF)  or  used 
in  the  AA  role  when  f\ized  with  MTF  (HE-MTF). 
To  achieve  fuze  action  MTFs  must  be  set.  on  a 
time  setting  ))etween  5  and.  45  seconds  and  never 
on  »«safe'»;  PDFs  must  be^^t  '»0N*\  Note  the 
lack  of  BDF.  backup,  '  ^ 

.  2»  Armor-piercing  (AP)  ^trojectiles,  designed 
to  penetrate  resistant  obstacles  like  heavy  armor 
plate»  thick  concrete,  or  the  like,  and  then  to 
e^lode.  As  you  can  see  ift  figure  3-9  an«AB 
^  projectile  body  has  thick  walls,  a  relatively  small 
cavity  for  the  burster  charge,  a  nose  cap,  and 
'a  thin  metal  windshield.  To  function  effectively, 
an  armor-piercing  projectile  must  keep  its 
burster  chai^ge  intact  until  it  has  penetrated  its 


ERIC 


.    *      ,  84.10.1 
Figure  3r9.  — 3-inch  armor,  piercing 
*  projectile,  dross  section. 
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target.  The  projectile  body  of  tough  steel  backs 
up  the  hardened  but  somewhat  brittle  steel  nose 
cap,  which  is  so  shaped'  ttiat  it  will  dig  into  and 
cut  through  an  armorplated  target,  ratl^er  than 
bounce  off  (ricochet).  However,  in  flight  the 
blunt  nose  cap,  which  is  shaped  for  penetrt^on 
of  armor  not  for  streamlining,  would  give,  the 
projeqtile  the  ballistics  of  a  brick.  Hence  the 
windshield,  which  collapses  upon  impact  with  the 
target,  is  screwed  on  to  give  the  exterior  of^ 
the  projectile  a  satisfactory  ogival  shape. 

♦  NOTE:  Figure  3-9  does  not  show  the  burster 
charge  ox  the  base  fuze  used  to  set  it  off. 
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Figure  3-10.— 3-mch  common  projectile, 
cross  section. 


3.  common  (COM)  projectile,  a  compromise 
between  the  AP  and  thin-walled  types  (fig.  3-10). 
The  walls,  though  sturdy  enou^  to  penetrate  thin 
armor,  still  permit  a  cavity  large  enough  to  carry 
a  sizeable  bursting  charge.  Common  projectiles, 
5-inch  and  larger,  may  .have  windshields. 

4.  ^cial-purpose  projeqtiles,  which  include 
all  those  types  that  are  not  listed  and  classified 
above.  Special-purpose  projectiles  are  not  in- 
tended to  inflict  daniajge  by  e3q)losion  or!  frag- 
mentation. Their  purposes  depend  on  type,  as 
fpllows: 

a.  Illuminating  projectilers,  often  termed 
star  shells  (SS).  These  are  used  for  illuminating 
a  targejtln  darkness,  at  a  predetermined  instant, 
while  the  projectile  is  in  flight,  the  time  fuze 
ignites  a  black  or  smokeless  powder  charge.  Tha 
charge  expels  the  parachute  and  flare  from  tha 
base  of  the  5^:0 jec tile  and  lights  t6e  flare,  which 
burns  with  a  brilliant  light  as  it  descends, 
supported  by  the  proachute  (fig.  3-11). 

b.  ^  Chemical  projectiles  include  a  nxunber  of 
different  types,  depending  onpurpose— those  with 
various  types  of  war  gases,  arid  smoke  projectiles. 
Smoke  projectiles  (one  is  shown  in  cross  sectionin 
fig.  3-12)  are  by  far  the  most  common.  They 
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Figure  3-11/— Illuminating  projectile. 
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Figure  3-12.— Smoke  {WP). 
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contain  tubes  of  white  phosphorous  (WP)  and  black- 
powder  or  Composition  A3  burster  charge,  which 
scatters  the  white  phosphorous  over  a  wide  area 
when  it  e:q)lodes.  The  WP  projectile  is.  used 
primarily  for  spotting,  and  to  harass  the  enemy. 

c.  Target  projectiles  (fig.  3-13),  the  use 
of  which  is  indicated  by  the  name,  are  similar  in 
shape,  weigl}t,  and  balance  to  the  corresponding 
service  projectiles  of  the  .same  caliber.  Ufefi^i^y 
they  are  inert  loaded,  and  older  models  may  have; 
a  tracer*    "  *  ' 

d.  Nonfragmenting  (NONFRAQ  proje^^tiles 
(fig»  3-14)  are  a  special  type  usedforAA  training 
exercjses.  The  projectile  is  inert  loaded,  but 
does  have  a  small  black  powder  e:q>elling charge. 
When  actiAted  by  a  VT  fuze,  the  e;q)emng charge 
will  blow  the  fease  out  of  the  projectile,  pro- 
ducing a  distinctive  gray  cloud.  The  projectile 


Lgh^ist" 


continues  its  tlight  {>a8t  the  taiget.  Iheoretical 
hits  are  "cfilcidated*-by  observing  the  bursts. 

e.  CHAFF  (ex-Window)  projectiles  (fig. 
3-15)  are  loaded*  With  metal  foil  strips  and  a 
>smair  burster' charge.  When  e^loded  at  high 
altitude,  the  scacttered  strips  hinder  enemy  radar 
operation. 

•f.  Drill  projectiles  (fig.  3-16)  dre  used  to 
exercise  gun  crews  in  loading /drills  and  for 
testing*  ammunition  hoists  and  other  ammunition 
handling  equipment.  They  are  mdde  of  economical 
but  suitable  metals,  and  are  designed  to  simulate 
the  represented  service  projectile  in  siase,  form 
and  weight.  They  may  be,  solid  or  hollow.  If 
hollow,  they  may  be  filled  with  an'^inert  material 
to  bring  them  to  the  desired  weight.  Tliis  latter 
type  is  closed  with  a  base  or  no$e  plug  or  both, 
as  appropriate. 


Many  types  of  projectiles,  especially  40-mm' 
and  smaller  are  fitted  with  tracers  (fig.  3-13) 
that  burn  during  projectile  flight,  leaying  a 
bright  trail  of  light,  for'use  in  spptfing.  Tracers 
are  especially  valuable  }n  aritiaircpaftfire  control. 
In  40-mm  ammunition,  the  tracer  may  be  in- 
stalled so  that  when  it  burns  down  to  its  end, 
it  detonates  the  burster  charge.*  The  advsmtage 
of  this  self-destroying  feature  is  obvious  when 
AA  projectiles  are  fired  at  such  elevations  that 
they  might  fall  on  friendly  forces.- 

ROCKET  ASSISTED  PROJECTILES 

The  5"/38  Rocket  Assisted  Projectile,  (RAP) 
is  fired  from  guns  at  the  same  initial'  velocity 
as  standard  projectiles.  The  primary  use  for  RAP 
is  against  personnel  and  L^ht-ifiaterial  shore 
targets.  Its  secondary  use  is^against  enemy, ship- 
ping, at  extended  ranges.  The  RAP  round  is  an 
addition  ^to,  rather  than  a  replacement  for, 
exi&ting'^gun-type  anmiunition.  Operational  skill 
and  maintenance  level  required  aboard  firing 
ships  will  be  the  same  as  for  existing  type  gun 
systems.  R\p  will  remain  in  t^he  fleet  indefi- 
nitely as  an  extended  range  gun-fire  projectile. 

'rap  Description 

Each  JRAP  round  consists  of  a  projectile  and 
a  gun  cartridge  (full  charge).  The  projectile 
consists,  of  a  solld-propellant  rocket  motor  with 
a  delit>[€d  ignition  element,  an  explosive  filler, 
warhead  and  either  a  controlled  v^^able  time 
fuze  (CVT)  or  a  point  detonating  fuze  (PD). 
Cartridges  used. to  fire  RAP  are  the  same  as 
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Figure  Typical  target  projectile,  sectional  view. 
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Figure  Typical  nonfragmenting  projectile,  sectional  view. 
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Figure  3-15,— Typtpal  CHAFF  projectile,  sectional  view. 
•  39  , 
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Figure  '3-16,— Typical  drill  projectile,  sectional  view. 
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those  used  for  standard  5-inch  projectiles.  Figure 
'3-17  is  a  cutaway  view  of  the  5'V38  RAP  pro- 
jectile, 

RAP  Operation 

The  basic  concept  of  a  solid-fuel  rocket 
assisted  projectile  was  generated  by'  German 


rocket  scientists  during  II,  but  .the  idea  was 
not  developed  beyond  the  initial  stages,  until 
early  1960,^ 

Ignition  of  the  boosted  rocket-motor  is 
achieved  with  the  Mk  279  igniter.  The  igniter  is  a 
gun-gas-triggered,  percussion-activated  delay 
igniter  which  is.  sealed  into,  the  motor  caM 
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base  with  a  gas  check  gasket  and  is  blowjaout 
upon  motor  ignition. 

Gun  chamber  pressure  develops  when  the 
projectile  is  fired,  thi&  pressure  flexes  a  belle- 
ville  spring  which  ^rikes  a  pei?cussion  primer 
assembly  in  the  Mse  of  the  projectile.  The 
primer  m  turn  igmtesV pyrotechnic delaj  column, 
which  bums  for  a  fimtesDeriod  of  time  (23  sec. 
for  a  5"/38  RAP).  AftwStiie  delay  period  the 
delay  column*  bums  the  i^tttion  charge  which 
ignites  the  rocket  motor  to  increase  the  velocity 
of  the  projectile.  The  5' V3a  RAP  booster  burns 
for  1.6  sec.  Figure  3-18  shows  the  details  of  the 
■  ignition  element  used  in  the  RAP  projectile. 

HANDLING.— During  handling  of  a  R\P,  a 
drop  in  excess  of  24  inches  on  the  base  of  the 
projectile,  in  which  a  deck  pin,  (rivethead) 
bolt,  or  miscellaneous  object  str ikes  the  cenfer 
hole  of  the  igmt^r  with  sufficient  force,  can 
actuate  the  igniter.  In  this  event,  ignition  of  the 
rocket  motor  may  be  delayed  20  to  30  seconds. 

All  personnel  should  unrnediatJiy  evacuate  the 
area.  Do  not  attempt  disposal  prior  to  rocket 
motor  ignition.  After  a  delay  of  at  least  one  (1) 
minute  following  rocket  moto^  burn  out,  the 
projectile  should  be  disposed  of  immediately 
by  dumping. 

Handle  RAP  projectiles  carefully  at  alltimgs. 
Avoid  jarring  or  dropping.  Stowage  conditions 
for  RAP  projectiles  nm&t  meet  the  same  require- 
ments applicable  to  standard  projectiles. 


In  view  of  the  similarity  in  appe^ance  be- 
tween standard  and  RAP  projectile^  and  dis- 
similarity of  impact  points,  positive  and  correct 
identification  by  handling  crevyg  becomes  a  major 
safety  factor.  Por  example,  a  guc  crew  could  be 
under  the  impression  that  they  are  firing  RAPs 
over  the  heads  of  our  assault  fprces,  when 
actually  they  are  firing  standard  projectiles  into 
the  midst  of  the  Very  force  it  is  supporting.  Use 
extrenie  caution  during  all  firing  operations. 


FUZES 


In  the  preceding  chapter  you  learned  that  the 
burster  charged  of  a  projectile  is  relatively  in- 
sensitive, and  requires  an  explosive  train,  be- 
ginning with  a  very  small  amount  of  sensitive 
initiating  explosive,  to  get  the  projectile  to 
.accomplish  successfully  its  mission  qf  destruc- 
tion. ^ 

The  component  that  sets  off  the  projectile 
bursting  charge  is  the  fuze.  No  matter  how 
complicated  or  'pimple  its  construction  or  fxmc- 
tion,  that  is  what ''the  fuze  is  for.  ^ 

Fuzes  can^  be  classified  by  '  functions  as 
follows:  I 

i.  Time  fuz^s  functioh  a  predetermined  length 
of  time  after  fiie  projectile  is  fired.  The  exact 
time  is  set,  l^fore  the  projectile  is  loaded  into 
the  chamber,  ^  a  mechanical  fuze  setter  on  the 
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''  Figure  3-18.— Ignition  element 
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mount*  Or  you  can  set  the  fuze  with  a  spebial 
fuze  wrench.  The.  interval  between  the  instant  the 
fuze  is  set,  and  the  instant  the  projectile  is 
fired,  is  dead  time.  No  matter  when,  how,. or  by 
what  It  is  set,  the  timing  mechanism  of  a  time  fuze 
won*t  function  until  the  projectile  is  fired, 

2.  Proximi^  or  VT  fuzes  are  energized  after 
the  projectile  is  fired,  and  function  when  the 
projectile  approaches  closely  to  the  target, 

3»  Percussion  or  impact  fuzes  function  either 
as  the  projectile  strikes  the  target  or  (especially 
an  AP  proje.stile)  after  the  projectile  penetrates. 
Some  fuzes  (non-delay  type)  ftinction  immediately 
on  contact  with  any  thin  material  (for  example, 
the  thin  sheet  metal  skin  of  an  aircraft).  Fuzes 
for  armor-piercing  projectiles,  however,  always 
incorporate  a  sU^t  delay  to  keep  the  burster  from 
going  off  until  after  penetration. 

Combination  fuzes  now  under  development 
incorporate  both  time  and  percussion  features— 
that  is,  the  fuze  may  go  ct£  either  on  impact,  or 
after  the  time  set,  whichever  occurs  first, 

5,  Auxiliary  fuzes,  as  the  name  implies, 
operate  only  with  other  fuzes.  In  gun  projectiles, 
they  form  part  of  the  e^qplosive  train,  andpass  on 
the  e:q)losion  initiated  by  another  fuze  (located 
if!  the  projectile  nose)  to  the  main  bure^ng  charge. 

The  nature  of  the  fuze  mechanism  depends,  of 
cours9,  on  what  type  fuze  it  is.  All  fuze  mech- 
anisms depend  on  certain  forces  either  to  start 
their  functioning,  or  to  keep  them  functioning. 
These  forces  develop  either  when  thfe  projectile 
is  fired,  when  it  flies  through  tto  air,  or  jat  the 
end  of  the  fli^t.  In  the  sequence  of  their  ctevelop- 
ment,  these  forces  ar^ called  setback,  centrifi^al 
iOTce  (caused  by  spin),  creep,  and  impact.  They 
are  worth  e^qplaining. 

All  objects  have  a  property  known  as  inertia. 
For  our  purpose  we  can  say  that  inertia  means 
resistan^  to  change  in  motion,  A  moving  ship, 
for  example,  tends  to  feep  going  even  with 
engines  stopped*  (And  it  would  keep  going  in- 
definitely if  it  weren't  fop  the  fluid  friction  of 
the  water  it  floats  in,  and  obstacles  in  its  way,) 
A  ship  dead  in  the  water  tends  to  remain  so,  and 
it  takes  mighty  efforts  by  its  propulsion  ma- 
chinery to  get  it  imder  way. 

In  1687,  in  a  Latin  treatise  on  natural  philos- 
ophy entitled  Principia,  Sir  Isaac  Newton  de- 
scribed this  characteristic  behavior  of  material 
things  in  the  statement  of  his  First  Law  of 
Motion:  •  *      y  . 

'•Every  body  tends  'to"  remain  at  'rest,  or  in 
imifo^^  motion  in  a  3traight  line,  unless  compelled 
by  e^i^mal  force  to  change,' • 
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Why  bring  iq>  Newton  and  his  laws  of  motion 
when  we*re  discussing  fuzes?  The  reason;  Every 
one  of  the  forces  that  acts  on  a  projectile  fuze  — 
from  firing  to  impact —  is  an  effect  of  inertia* 
Let's  begin  with-  setback  (fig,  3-19A),Whentiie 
pjropelling  charge  of  the  round  fires,  tl^  fuzes  fidnd 
projectile  are  at  rest.  As  the  hot  gases  expand,^ 
pressure  in  the  chamber  builds  i^),  andforcesthe 
projectile  to  move  forward.  But  because-  of 
inertia,  every  particle  of  the  projectile  and  fuze 
tends  to  stay  where  it  is.  The  effect— well,  have 
you  ever  been  in  a  jalopy  whose  hot-rod  driver 
tramps  on  the  throtUe  as  soon  as  he  sees  the 
lig^t  turn  green?  Your  head  snc^s  backasthe  car 
jerks  forward.  The  same  thinghappens  in  the  pro- 
jectile and.  its  fuze,  except  that  the  acceleration— 
and  the  setback  effect --are  thousands  of  times 
greater.  As  an  example  of  its  application  to  fu^es, 
setback  is  us^d  in  mechanical  time  fuzes  to  unlock 
the  clockwork  mechanism, 

AS  the  projectile  rotating  band  is  twisted  by 
the  gun  bore's  rifling,  the  projectile  spin&.  You 
know  how  spinning  develops  centrifugal  force 
(fig,  3-19B)  —  a  tendency  to  fly  directly  away  from 
the  center  of  rotation,  (This  is  another  effect  of 
inertia*  A  moving  object  tends  to  keep  moving— 
in  a  straight  line.  Centrifugal  force  is  caused. 
by  a  revolving  particle's  tendency  tb  move  in  a 
straight  line  rather  than!"  in  a  circle,)  As  an 
example  of  its  application  in  fuzes,  centrifugal 
force,  instead  of  woundup  spring  (as  in  conven- 
tional clockwork),  is  used  to  operate  the  clockwork 
in  most  mechanical  time  fuzes.  Centrifugal  force 
is  also  used  to  assist  in  readying  (arzning)  the 
fuze  to  function  when  it  strikes  or  approaches  the 
target,  *  ^ 

Creep  (fig,  3-19C)  is  anotbsr  effect  of  inertia. 
Like  anjlhing  else  that  moves  throu^  the  air, 
a  projectile  in  flight  moves  against  air  resistaoce,  ^ 
which  tends  to  slow  it  down.  Its  supersonic  speed 
creates  shock  waves  and  turbulence,  which  in- 
creases this  frictional  slowing.  But  the  siowing- 
down  effect  is  applied  to  the  exterior  of  tbe 
projectile.  The  parts  inside  aren't  overcoming 
any  air  resistance,  so  they  donH  tend  .to  slow 
down.  You  can  notice  this  effect  as  it  applie^^to  ^ 
yourself  if  you  ride  in  an  automobile, in  which 
the  brake  (simulating  air  resistance)  is  being 
applied  li^tly«  You  tend  to  lean  jtorward.  Simi- 
larly, movable^  parts  in  a  fuze!  tend  to  creep 
forward  as  the\ projectile  plows,  throu^  the  air 
that  slows  it  down.  In  many  types  of  fuzes, 
creep  force  is  used  to  align  the  fuze  firing 
mechanism  so  that  it  will  j^otion  on  Impaot, 
Impact  (fig,  3-19D)  is  probably  the  most 
obvious  e^plipation  of  the  general  principle  of 
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Figure  3-19.—  Forces  that  work  on  fuzes. 
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inertia  to  fuzes*  When, the  projectile  strikes,  it 
comes  to  a  stop.  But  the  movable  parts  inside 
the  fuze  tend  to  keep  ri^t  on  going.  You  can 
use  the  force  developed  by  this  tendency  to  drive 
a  firing  pin  against  a  percussion  cap  to  initiate 
the  explosive  train.  Some  people  think  of  impact 
as  a  kind  of  creep— but  in  a  very  violent  fdrm. 
m  principle,  it's  true  that  creep  and  impact  are 
related,  but  they  are  quite  different  in  degree, 
and  are  used  differently  in ,  fuze  mechanisms. 


so  it's  best  to  consider  them  separately.  Fuzes 
are  operated  also  by  more  conventional  energy 
sources.      -  .        •  . 

Tim^  fuzes  for  larger  caliber  projectiles  are 
driven  by  springs  because  tlie  relatively^  slo^ 
rotation  of  these  projectiles  •doesn't"  produce 
enough  centrifligal  force  to  run  the  clockwork 
relSibly.  Older  time  fuzes  (no  longer  in  use) 
coroisted  of  slow-burning  powder  trains  of  adjust^ 
able  length,  rather  than  clockwork.  The  powder 
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was  ignited  by  setback  which  drove  a  firing  pjn 
into  a  percussion  cap. 

Proximity  fuzei  in  projectiles  dre  miniature 
radio  transmitters  and  receivers,  poweredby  tiny 
battery  o^lls.  The  cells  are  activated  b>  setback. 
When  the  projectilti  approaches  closely  to  a  tar- 
get, the  radio  wavfes  sent  out  by  the  transmitter 
are  reflected  back  to  the  receiver  in  sufficient 
strength  ^to  close  a  circuit  that  initiates  fuze 
action.  .  , 

Most  projectile  fuzes  use  a  small  detonating  ^ 
charge  to  set  off  the  e?q)losive  train.  These  are 
detonating  fuzes.  Some  fuzes,  however^  are  called 
ignition  fuzes  because  ttiey  are  designed  to  pro- 
duce a  flame  that  Nvill  set  off  an  e:q)rosive  sensi- 
tive to  flame  (usually  black  powder),  •  • 

Fuze  oiomenclature  often  indicaters  the  physi- 
cal" loca&on  of  the  fuze  in  the  projectile  (fig. 
3-20),  Thus  we  have  point  or  nose  fuzes,  and  base 
fuzes.  (Fuzes  in  bombs  ^d  other  projectiles  may 
be  located  elsewhere,  too.)  > 

In  gener|l,  proximity,  time,,  and  percussion 
fuzes  ar|  in  the  projectile  nose.  Auxiliary  deto- 
nating fuzes  are  located  just  behind  tiie  nose  fuze. 
In  AP'  projectiles  (ih  which  the  hardened  cap 
makes  no  provision  for  nosjQ  fuzes),  tiie  fuze 
is  in  the  base.iln  some  projectiles,  to  provide 
greater  Versatility  for  selected  targets  a  nose 
and  a  base  fuze  are  provided.  The  nose  fuze  can 
be  inacti^rated  at  the  gun  for  base  fuze  initia- 
tion. When  the  nose  fuze  is  activated,  the  base 
fuze  functions  a§^^£^4>ack,upfoi  greater  reliabili^. 

/  '  ^ 
A  fu^  is  intended  not^  only  to  explode  the 
burster  charge  at  the  right  time;  it  is  intended 
also  to  prevent  e;q)losion  at  the  wrong  time. 
A  fuze  is  armed  when  it  is  made  ready  to 
function.  *When  (as  for  example,  before  firing) 
it  is  set  ^  as  not  to  fimction,  it  is  safe. 
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Figure  ^3- 20.— Fuze  locations. 


Fuzes  have  safety  features  to  protect  those 
who  handle  ammunition.  These  safety  features 
may  be  put  out  of  ac6on  by  the  time  the  pro- 
jectile reaches  the  enemy.  Some  of  the  features 
axe  canceled  by  hand  or  mechanically  before  the 
gun  IS  loaded.  Others  depend  on  the  forces 
developed  by  Uie  Actual  firing  to  arm  the  fuze. 
Fuzes  that  are  arnjed  only  after  *'the  projectile 
leaves  the  gun  muzzle  are  called  BOREix^FE. 
Projectiles  40mm  and  larger  are  usually  bore- 
safe,  projectiles  20mm  and  smaller  generally 
are  not.  This  is  important  for  you  to  remember 
when  handling  sn^aller  caliber  fuzed  amnioni- 
tion.         *  *  ' 

IDENvTIFICATION  OF  AMMUNITION 

JDistingUisJung  colors  and  markings^  are  nec- 
essary to  properly  identify  ammunition,  ammuni- 
tion components,  and  ammunition  containers. 
Identification  of  Ammunition,  OP  2238,  latest 
revision,  serves  as  a  guide  for  identifying  by 
color,  markings,  and  lettering  all  types  of  Navy 
gun  ammunition,  N^vy  rockets,  projector  charges, 
guided  missiles,  underwater  ordrtance,,  bombs, 
demolition  material,  and  pyrotechnics. 

COLOR  CODING 

In  the  color  coding  system  for  3-inch  arid 
larger  projectiles,  the  colors  are  ilpplied  as  over- 
all body  colors,  as  appmpriately  colored  circxun- 
ferential  bands,  or  a^a  combination  of  colors 
when  the  n^d  exists,  in  accordance  with  figure 
3-21.  Npse  fuzes  and  rotating  bands  are  not 
painted;  however,  vyhen  a  dummy  nose  plug  or 
projectile  adapter  is  assembled  with  the  pro- 
jectile, itis  painted.  When  circumferential*bands 
axe  used,  the  first  (or  forward)  band. begins  at 
the  base  of  the  nose- fuze  or  the  tip  of  the 
projectile  nose.  It  is  equal  in  width  to  half 
the  caliber  but  does  not  exceed  three  inches. 
When  a  second  band  is  used,  it  is  placed  im- 
mediately behind  the  forward  band  and  is  equal 
to  1/4  the  caliber  but  does  not  exceed  1-1/2 
inches.  Figure  3-22.  illustrates  the  location  of 
colors  ^d  markings  on  various  type  projectiles. - 
Projectiles  are  further  marked  to  indicate  charac- 
teristics such  as  tile  presence  aj^d  the  color  of 
a  tracer,  a  dye  load,  a  color  butst  unit,  or 
a  chemical  filler,  according  to  the  following; 

f 

1.  The  presence  and  the  color  of  a  tracer 
is  indicated  by  three  T«s  In  the  same  color 
as  the  tracer.  The  letters  are  located  on  the 
ogive  of  the  projectile. 
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Color 

Interpretation  • 

Service  Ordnance  / 

YeUow    •  * 
Brown 

Gray 

Gray  with  r6dband(s) 
Gray  with  dark 
green  band(s) 
Black 

Silv  er /Aluminum 
Light  Green 

Light  Red 

White 

JHigli^xplosive 
flKy  Explosive  qr  ] 

]^ffipellant 
Toxic  or  Irritant^ 

Agents 

Irritant  Agent 
Toxic  Agent 

Armor  Piercing 
Counter-Measures 
Smoke- Producing  or 
Marker 

Incendiary  or  Highly 
Flammable 
Illuminating 

Training  Ordnance 

Bronze 

BlUfi 

Orange 

Dr  ill/In  er  t/Dum  my 

Practice/Target 

Exercise/Recoverable 

Non-Significant  Colors 

Olive  Drab 

Black 

White 

All  Ordnance 
For  Lettering 
For  Lettering 
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Figure  3-21.— Interpretation  of  new 
color-coding  system. 

2.  Projectiles  having  a  windshield  which  con- 
tains a  dye  load  are  marked  with  three  D^s 
in  the  saxiiC  color  as  the  d>e  load.  Tftie  letters 
are  located    on  ^  the  ogive  of  the  projectile.^ 

3.  Projectiles  containing  a  color  burst  unit 
are  marked  with  three  C's  in  the  same  color  as 
the  color  burst  unit.  The  letters  are  located 
on  the  ogive  of. the  projectile. 

4.  Projectiles  having,  a  chemical  filler  are' 
marked  with  1/2  inch  wide  red  or  green  bands  as 
indicated  irx  figure  3-21. 

5.  A  projectile  assembled  with  a  mechanical 
time  fuze  normally  is  painted  with  a  white 
stripe  ,1/4-inch  by  2-inches,  shown  in  figure 
3-22,  which  is  longitudinally  placed  on  the  pro- 
jectile adjacent  to  the  stationary  setting  lug  or 


groove  of  the  fuze.  If  the  background  color  is 
light,  the  stripe  will  be  black. 

In  addition  to  the  above  markings,  chemical 
projectiles  are  marked  with  tlie  symborfor  the 
chemical  .agent.  For  to»c  or  irritant  agents, 
the  symbol  is  msirked  in  the  same  color  as  the 
bands  denoting  the  type  of  agent.  For  a  projec- 
tile containing  a  white  phosphorus  smoke  fillert 
the  symbol  color  is  light  red.  Tlie  symbol  is 
located  on  the  ogive  of  the  projectile  just  beliind 
the  nose  fuze©     -       *  ' 

Lettering 

Projectiles  of  3-inch  caliber  and  larger  are 
lettered  on  the  body  by  the  manufacturer  with 
the  following  inforniation: 

.   1.  Caliber  and  type  of  projectile. 

2.  "  Mark  ^d  Mod  of  projectile. 

3.  Manufacturer's  initials  or  symbol. 

4.  Projectile  body  lot  number. 

5.  Ye£ir  of  manufacture. 

6.  Inspector's  stamp. 

The  same  information  is  die-stamped  on  the 
rotating  band  of  the  projectile  body  along  with 
the  inspector's,  initials  and  stamp.  Projectiles 
containing  base  plugs  are  die-stamped  with  the 
serial  number,  the  drawing  number,  and.  tlie 
piece  number  on  the  base  plug. 

■  The  loading  activity  applies  lettering  longitCi- 
dinally  on  the  body  of  the  projectile  from  just  below 
the  forward  bourrelet  and  extending  to  the  rotating 
band.  The  following  colors  are  used  for  lettering: 

Projectile  Type  Color 

AP,  COM,  VT,  HC,  A  A,  A  AC  Yellow 

Countermeasure,  Window  Smoke  Black 
(other  than  WP) 

VT  (Non-FRAG,  lUum,  Target         White . 
Practice) 

Smoke  (WP)  '  Light  Red 

The  following  information  is  typical  of  that 
applied  to  projectiles  by  the  loading  activity, 
when  applicable^ 

1.  Caliber,  type  of  projectile  and  filler  (for 
service  projectiles  only). 

2.  Ammunition  lot  number. 
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UNPAINTED 
'  YELLOW 


OLIVE  DRAB 

UNPAINTED 
OLIVE  DRAB 


ACC 

EXPLOSIVE  D  LOAD 
MECHANICAL  TIME  FUZE 


YELLOW- 


RED- 


OLIVE  DRAB  - 


UNPAINTED- 
OLIVE  DRAB  - 




HC 

COMPOSITION  D  LOAD 
RED  TRACER 
DUMMY  NOSE  PLUG 


GREEN 
GREY 


UNPAINTED- 
OLIVE  DRAB  • 


(VT) 

COMPOSITION  A  LOAD 
SELF-DESTRUCT  FUZE 


UNPAINTED 
BLU^ 


Bt&T 

INERT  LOAD 
WHITE  TRACER 


GREEN 
GREY 
-BLUE 
YELLOW 
BROWN 


BLUE 


UNPAINTED - 
BLUE• 


(VT)  (HOK-FRAG)  " 
INERT  LOAD 
YELLOW  COLOR  BURST  UNIT 


UNPAINTED 

WHITE 
BROWN 


OLIVE  DRAB 

UNPAINTei> 
OLIVE  DRAB 


ILLUM 

MECHANICAL  ^\\^  FUZE 


C84.307a 
C84.307.2 


Figure  3- 22.— Typical  color  coding  for  3-inch  and  larger  projectiles*.. 
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3.  Mark  and  Mod  of  projectile, 
A.  Mark  and  Mod  of  il^se  fuze,  SD  or  NSD  if 
applicable, 

5*  Mark  and  Mod  of  ADF,  if  applicable, 

6,  Mark  and.  Mod'  of  BDF,  if  Explicable, 

7,  Mark  and  Mod  of  Illuminating  load  or 
^Window  load,  if  applicabfe, 

8,  Mark  and  Mod  of  gun  for  which  the-  pro-  • 
'jectile  was  designed, 

*9,  FSN  (Federal  Stock  Number)  including 
NALC  (Navy  Ammimition  Logistics  Code), 

Figure  3-23  illustrates  designated  areas  for 
lettering  3-inch  and  larger  projectiles, 

) 

GUN  AMMUNITION  llOT  NUMBERS  ^ 

In  view  of  the  large  quantities  of  ammijoition 
now  being  handled  by  shore  activities  ana  fleet 
units,  a  readily  usable  identification  system  has 
been  established  for'giin  type  ammunition  to 
simpli^recognition  and  reports.  The  system,  in 
the  form  of  an  ammimition  lot  number.  Is  lettered 
on  each  assembled  complete  round  or  component 
of  gun  or  rocket  ammimition. 

The  lot  number  system  consists  of  an  Am- 
mimition Lot  Number'  symbol,  ALN,  (a  two  or 
three-letter  prefix),  a  one- to  four-part  numerical 
group,  a  one-  to  three-leitter  group^  a  final 
numeral  group  and  sometimes  a  one  or  two  letter 
suffix. 

The  prefix  designation  identifies  the  size  and 
type  of  ammimition,  A  prefix  designation  having 
'  a  final letter  '»R'*  denotes  renovated  items. 
Following  the  prefix  Is  a  numerlckl  group. 
This  group  indicates  the  sequential  lot  number 


^  of  a  particular  type  of  ammunition  item  pro- 
duced by^  an  activity  during,  the  calendar  year. 
This  ^group  consists  of  numbers  1  throu^  9999: 

The  next  group  of  letters  identify  the  ordnance 
activity  that  assembled,  the  ammunition  item. 

The  final  numeriqal  glroup  following  the  suffix 
group  are  the  last  two  digits  of  the  calendar  year 
of  assembly,  ' 

In  sumniary,  the  lot  number  ALN-BEfl-245- 
HAW-70  is  .broken  down  to  clarity  the  fotegoing 
information,       ;  A  t 

1,  ALN— Ammunition  lot  number  symbol, 

2,  BEE— BE  identifies  , the  ammunition  as  a 
5'»/38  AA  common  projectile.  The  *'R'» 
indicates  a  renovated  ammunition  lot, 

3,  245  —  245th  lot  of  AAC  projectiles  assem- 
bled, 

4,  HAW— Naval   Ammimition  Depot 
Hawthorne-assembly activity, 

5,  70— Asseifibleddurljfel970; 

A  letter  is  often  noted  following  a  lot  number. 
Example:  BER-5-GU-59A,  The  suffix  indicates 
some  type  of  screening  or  other  work  not 
requiring  a  rework  lot  niunber,f  The  suffix  DOES 
affect  the  status  of  a  lot  from  a  serviceability 
standDoint,  For  example;  BE!r-67GU-59  is  listed 
in  Od  17190  as  unservice.able;' this  does  NOT 
affect  lot  BER-5-GU-59A  which  is  a  serviceable 
lot.  Since  this  letter  suffix  system  is  relatively 
new  in  Navy  lot  systems,  note  it  carefully, 

ACTION  AFTER  INVESTIGATION  ^ 

During  1969  the  U.  S,  Navy  experienced 
several  catastrophic  explosions  on  its  ships. 


/  AREAFOR'.  '  .: 
•LETTERING*     ■  7 


ERIC 


Figure  3-23,— Stenciling  for  3-inch  and  larger  projectiles, 
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As  a  result  of  ensuing  investigations,  several 
pertinent  facts  were  disclosed.  It  was  determined 
thtA  an  apparent  lack  of  understanding  existed 
regarding  the  inspecuon  of  ammunition.  Gunnery 
personnel  were  not  familiar  with  the  principle 
of  ths  gas  check  system  in  tlie  base  of  projectiles. 
Shipboard  personnel  were^  not  familiar  with  the 
gim  ammunition  lot  number  system  and  the  Notice 
of  Ammunition  Reclassification  in  OD  '17190'. 
Results  of  the  investigation  indicated  that  in- 
creased understanding  was  required. 
.  Frqm  the  foregoing  it  can  be  seen  that  all  GMGs 
3  &  2  should  make^very  effort  to  increase  their 
knowledge  of  gun  tjpe  ammunition  by  seeking>OMt 
and  stu4ying  all  availaWe  OPs,  ODs,  and  instruc- 
tions. Gaining  this  kno^fedge  is  not  only  bene- 
ficial to  you  In  self  satisfaction  but  iii  knowing 
the  proper  procedures  in  tfie  care  and  handling  of 
airimomtion  and  the.  steps  td^>^  taken  in  emer- 
^ncies.  >^  A 

An  Important  point  to  remembSr  is,  ammuni- 
tion in  any  forni  is  dangerous  unless  it  is  pl%perly 
tended.  Any  deviation  from  authorized  procedures 
can  lead  to  problems.  Minoi  unauthorized  acts 
can  establish  a  train  of  events  which  can  even- 
tually cause  a  magazine  to  blow.  Therefore,  it 
is  imperative  that  ordnance  personnel  follow 
•standard  operating  procedures  exactly;  if  any 
doubt  exists— contact  the  nearest'  ammunition 
facility  for  guidance. 

SHIPBOARD  EXAMINATIONS 

>KMiORD  has  directed  the  mandatory  inspec- 
UolT^d-rinch,  6-inch,  and  8-inch  high  explosive 
loaded  projectiles  of  gas,  check  seals  (GCS)  * 
prior  to  issue  by  NAVORD  activities  or  overseas 
ammunition  issuing  activity.  This  GCS  inspection . 
by  experienced*  ammunition  personnel  .includes  ' 
SIGHTING  (1)  that  the  GCS  is.  not  missing,  (2)' 
that  the  GCS  is  symmetrical  and  properly  seated, 
(3)  that  it  is  not  cracked,  cut  or  torn,  and  (4) 
that  the  BDF  (Base  Detonating  Fuze)  or  BFHP  " 
■"(Base   Fuze  Hole  Vlugy  is  flush  or  slightly 
below  the  projectile  base.  After  inspection,  is- 
suing activities  ashore  certify  a  good  GCS  .by 
,  applying  a  suffix,  either  A  ox^^  B  in  accordance 
*  with  OD  17190  as  appropriate,  on  the  projecfile 
and  the  data  card. 

To  safeguard  .  against  damage  duringj^  sub-  ^ 
sequent  handling  and  the  possibility  of  sabota^, 
the  fi^iig  ship  shoald,  prior  to  use,  eScamineeach 
5-inch,  6-inchi  and  8-inch  high  explosive  loaded 
projectile  for  proper  gas  check  seal.  Ordnance 
per  sonnel  should  also  ctieck  ammunition  to  see  that 
waterproof  protecting  caps  are  properly  installed. 


nose  fuzes  are  properly,  seated  and  not  loose; 
upper  nose  caps  of  fuzes  are  intact  and  that 
complete  rounds  can  be  identified  by  lot  identi-  . 
fication  number.  This  system  of  identification 
is  simple  but  it  requires  stucfy  to  understand  and 
mast  be  followed  to  be  effective.  (Figure"  3-24 
illustrates  projectile  compo^ijts), 

-< 

'  '    ^  MAGAZINES 

The  term  • 'magazine  £^lie§  to  any  com- 
partment, space",  or  locker  which  is  used,  or 
intended  to  be  uj|pd,  for  the  stowage  of  explosives 
or  ammunition  ^  any  kind. 

The  term  niagazine  area  includes  the  com-  . 
partment)  spiices,  or  passers  on  board  ship 
containing  magazine  entrances,  which  are 
intended  to  be  used  for  the  handling  and  passing  ^ 
of  ammunition.  The  term  is- also  used  to  denote 
areas  adjacent  to,  or  -surrounding,  e:q)losive 
stowages,  including  loaded  anununition  lighters, 
trucks,  and  railroad  cars,  where  applicable 
safety  measures  are  required. 

Magazines  are  arranged  with  regard  to  facility 
of  supply,  the  best  obtainable  protection,  and  the 
most  favorable*  storage  conditions. 

MAGAZIN^  TYPES       ^  ' 

There  are  many  different  types*  of  magazines 
^ovided  on  ships.  Each  naagazine  fs  designed 
siiQcifically  for  th6  typ^  of  ammunition  it  is  to 
contain.  For  our  purpose,  however,  we  \^ill  be 
concei^ned  with  only  three  types  — primary  maga- 
zine, ready  service  magazine,  and  ready  service 
stowage.  ^  : 

Primary  Magazihes 

.  Primarjr  magazine  dre^  signed  ^s  aiftihiini- 
tion  stowage  spaces,  gener^ly  located  below  the 
main  deck,  and,  insofar  as  is  practicable, below  « 
the  water  line.  They  are  adequately||lquippedwith^ 
insulation,  ^ventilation,  and  sprinkling,  systems. 
These  spaces  must  be  provided  wl^thfittings  so  that 
they  jnay  be  locked  securely.  Primary  magazines  * 
accomodaite  a  vessel's  complete  allowancfe  of 
.ammunition  ipr  peacetime  operation. 

Ready  Service  Magazines 

Ready  service  magazines  are  spaces  phys- 
ically convenient  to  the  weapons  they  sei^ve.  They 
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Figure  3-24.— Typical  projectile  components. 


provide  permanent  stowa^  for  part  of  the  am-     Ready  Senile  Stowage 
munition  allowailce;  Normally  they  are  equipped  ^' 
with  insulation,  ventilation»  and  ammunition  sprin* 


84.296(530) 


th&  combined  capacities  of  primary 


Read>  servic|  stowages'^are  those  aiiimunition 
^age  facilities  in  th(  '  ' 
ready  ,  weapon  served.^  T^y    itidud^e   weather  jdeck 


Wing  systems,  and  should  be  secured  byjocking.  stowage  facilities  in  the  immediate  vicinity  of  the 
'^^  "    -  -     -  ^•^TAey  iadlu 

service  magazines  are  normally  sufficientto  stow     lockers,  bulwark  (pin  shield)  racks,  and  5-inch 


properly  the  allowance  for  w^  and  emergencies,     upper  handling  fooms.  Thll&'fi^feowage  normally  is 
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filled  only  when  the  weapon  is  to  be  fired.  There  . 
•^s  little  security  for  anununition  in  such  stowage, 
and  it  provides  the  least  favorable' protection 
from  the  elements, .  * 

All  magazines  are  parked  by  appropriate  label 
plates  showing  the  compartment  number  and  the 
types  of  ammanition^be  stowed  therein.  Insofar 
as  is  prac^cal,  ma'ga3&es  are  designed  to  hold 
a  single  type  of  ammunition, 

MAGAZINfiJDESlGNATIONS 

The  following  designations  ar6  given  for  maga- 
zines whenever  a  single-purpose*  stowage  is 
practical. 

1,  Powder  magazines  * 

2,  Fixed-ammunition  magazines 

3,  Small  arms  magazines 

4,  Warhead  lockers  ^ 

5,  Projectile  magazine  or  rooms 
6*  Bomb  magazines 

7.  Fuze  magazine 

8.  Detonator  lockers 

9.  Pyrotechnic  magazine  or  locker 

While  stowage  of  a  skigle  type  of  ammunition 
in  mdividual  magazines  is  desirable,  *'it  is  not 
always  possible  due  to  space  limitations.  Where 
a  ship's  mission  requires  carrying  various  types 
of  ammunition,  stowage  of  mor6  than  one  type 
in  one  magazine  is  acceptable.'CurrentNAVORD- 
SYSCOM  instructions  authorize  certain  mixed 
stowage  in  magazines  which  maintain  a  single 
purpose  designation. 

Authorization  of  such  stowage  is  at  the  discre- 
tion of. the  operatiOiial  commander.  Such  mixed 
stowage  does  not  include  pyrotechnics  which  have 
been  removed  from  containers,  or  iizes  and 
detonators  which  are  not  integral  parts  of,  or 
assemblea  within,  .the  ammunition.  These  items 
must  be  stowed  in"  accordance  with  the  current 
instructions  J^elated  to  the  particular  items. 
Where  mixed  stowage  of  ammunition  is  nec- 
^  essary,  take  precautions  toensure  that  the  various 
'  type&  of  ammunition  are  segregated  within  the 
"magazine  and  that^each  typhis  suitably  marked 
'for.ready  identification. 

MAGAZINE  SECURITY 

In  peacetime,  all  magazines,  ejqplosive 
lockers,  ready  service  lockers  an^  all  areas  such 
as  ammunition  hoists  leading  into  magazine 
spaces  are  kopt  ^losed  and  locked,  except  when 
they  are  opened  for  inspection,  lor  ventilating 


purposes,  for  testing,  or  for  authorized  work. 
These  spaces  are  not  entered  unnecessarily  and 
are  opened  ^nly  when  authorized  by  the  weapons 
officer  who  is  responsible  for  ensuring  that  the 
sjjaces  are  locked  when  the  purpose  ha$  been 
accomplished. 

Magaziiies  *are  intended  for  the  stowage  of 
ammunition  and  for  this  only.  It  is  no  place  for 
the  stowage  .  of  .empty  paint  or  grease  cans, 
'Oily  waste' rags,  or  similar  fire  hazards*  What 
goes  for  materiaL  also  goes  for  mjen.  No  one  but 
those  authorized  should  e\er  be  permitted  in  a 
magazine.  Even  the>  should  be  there  onl>  when 
they  have  business  there.  A  magazine  is  no 
place  to  sit  around  and  *«shoot  the  breeze'*. , 

The  commanding  officer  is  the  custodian  of 
all  magazine  keys.  He  may,  however,  designate 
certain  persons  under  his  command*to  have  cus- 
tody of  duplicate  keys.  Each  mornif^  keys  are 
drawn  by  a  responsible  Gunner^s  Mate  for  tfie 
purpose  of  inspecting. magazines  2^1(1  taking  maga- 
zine temperatures.  * 

Security  of  Nuclear  Weapons  Magazitie 

Nuclear  weapons,  because  of  their  strategic 
importance,  public  safety  considerations,  and 
political  implications,  require  greater  protection 
than  their  security  classification  alone  would 
warrant.  The  special  shipboard  installations  re- 
quired for  the  safety  and  security  of  these 
weapons  varies  with  the  type  of  ship  and  weapon 
involved.  As  a  GMG  your  association  with  nuclear 
weapons  will  be  limited.  However,  it  is  possible 
that  because  you  are  in  the  Gunfter^s  Mate  rating, 
you  might  be  called  upon  to  take  part  in  a  ship's 
safety  and  security  program  for  nuclear  weapons. 

The  following  discussion  provides  a  basis  for 
determining  the  minimum  security  requirements 
for  nuclear  weapon  spg^ces.  The  definitions  listed 
below  are  those  used  throughout  the  Navy  in 
connection  with  nuclear  weapons.     '  "  * 

a.  Access;  Applied  to  nuclear  weapons,  phys- 
ical access  which  permits  the  opportunity  to 
cause  a  nuclear  detonation. 

K  Exclusion  Area;  A  security  area  which 
contains  one  or^more  ntsteleax  weapons  or  one^or 
more  com^oifents- of  a  nucleax  weapon  system. 
The  nature  of  the  area  is  sucli  that  mere  entry 
coostitutes  access,  to  the  nuclear  weapon  or 
permits  the  arming,  launching,  or.  firing  of  a 
weapon.  ^ 

c.  Limited  Area;  A  security  area  co/itaining 
one  or  more  nucle0.r  we&pons  or  one  or  more 
components  of  a  nuclear  weapon  system  that 
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allov^  the  arming,  launching,  firing  or  releasing 
.  uf  a  weapon.  ^Vithin  this  area,  guards  or  internal 
I  controls,  depending  on  the  nature  qf  the  activity, 
can  prevunt  acuebs  by  unauthorizedper&onstothe 
nuclear  weapon  .or  can  prevent  the  arming, 
launching,  or  firing  of  a  weapon. 

U.  Nuclear  Weapon,  Any  cunipltto  assenibly 
of  its  intended  ultimate  configuration  which,  upon 
completion  of  the  prebcribed  arniing,  fuzing^ 
and- filing  sequence,  ifc  capable  of  producing  the 
Intended  nuclear  luaction  and  lelease  of  energy. 

'  SAFKTY  STANDAllUS.- Safety  and  seouiity 
are  considered  to  be  synonymous  when  it  comes 
to  nuclear  weapons.  The  main  objective  is  to, 
prevent  an  ^inadvertent  or  deliberate  nuclear 
accident  or.  incident.  The  standards  governing 
the  installation  of  safety  equipnient  and  facili- 
ties for  prutecting  tiie  nuclear  vveapons  must  be 
m  accordance  ^ith  the  criteria  set  forth  in 
current  N  WSHiPb  aiid  UPNA  V  instructions. 

bonie  of  the  standard  requirements  for  sur- 
face ships  are;' 

1.  A  security  station  must  be  provided  at  the 
main  entrance  to  a  nuclear  weapon  space  or 
space  complex, 

2.  Hatches  used  as  secondary  personnel  en- 
trances to  nuclear  weapons  spaces  must  be 
doggud  in  such  a  manner  as  to  be  operable  only 
from  within  the  secured  si)ace. 

3.  Two  padlocks  or  conibinati'on  locks  must 
be  installed  on  the  main  entrance  to  a  nuclear 
weapon  space  or  space  complex.  Prior  to,  and 
after  installation,  the  key  and  conibinatiORs  to 
the  locks  are  classified  SECRET. 

4.  Separate  becurit>  lockers  must  be  pro- 
vided for  stowing  removable  warhead  components. 
Where  space  is  available,  these  lockers  must 
be  niounted  in  an  exclusive  or  limited  area. 
vVhdre  space  is  not  available,  the  location  is 
determined  on  an  individual  basis  depending  on 
the  weapon  system,  the  type  of  ship,  and  the  item 
to  be  Stowed.     "  . 

5.  A  security  alarn*  system  (ciicuit  FZ) 
is  required  for  all  nuclear  weapon  spaces  and 
space  coniplexes  except  for  &pe(:;ial  weapon  spaces 
on  aircraft  carriers.  Security  ^protection  for 
these  spaceSy^s  provided  by,  a  Marine  detach- 
ment. The  purpose  of  the  FZ  alarm  sy.stentisto 
delect  unauthon^'d  onti>  uito  bpaC^^s  containiijg 
nucleat  weapons.  A  ma^stei  cuntrui  pa^nel,  usually^ 
located  in  Jprnage  control  centtal,  controls  the 
operation  of  the  1/  alarm  cm  uit-  I  master, 
control  i^afiel  is  locked  and  the  ke>s  classified 


Installation  requirements  for  the  FZ  circuit 
vary  with  the  ship  type  and  weapon  systeixi.Mini- 
muHi  requirements  for  the  ASRpC  systeni  call 
for  the  FZ  circuit  to  be  installed  in  the  following 
areas:  . 

a.  Main  personnel  entrances  to  exclusion  and 
limited  areas.  *  - 

b.  Other  personnel  entrances  to  exclusion 
areas  located  above  the  maiii  deck  which  operi 
to  the  weather  decks.  Thib  safeguard  prevents 
untiuthorized  -use*  of  these  entrances  for  personal 
convenience  and  natural  ventilation. 

INSPECTION  OF  MAGAZINES 

The  periodic  (daily,  weekly,  fortnightly, 
Hionthly,  bymonthly,  quarterly,  semiarmual,  or 
annual)  inspections  of  magazines  and  their  con- 
tents must  be  conducted  aboard  ship  and  ashore 
in  accordance  with  instructions  contained  in 
applicable  publications. 

Magazine  Temperature 

The  main  item  of  a  daily  routine  inspection 
is  to  check  and  report  the  temperature  of  the 
niagazine,  (Temperature  .is  the  most  iniportant 
single  factor  that  affects  powder  stability.)  Tem- 
perature readings  normally  are  taken  once  a . 
day.  A  thermometer  *  capable  of  mdioating  the 
highest  and  lowest  tentp^rature  reached  since 
the  last  Inspection  lo  uoed.  The  thermometej , 
commonly  called  a  niaxiuium-minimun*  tlier- 
mometer,  (fig.  3-25)  is  a  U-shaped  mercur>- 
filled  glass  tube  with  two  bulbs.  Prebent  tem- 
perature, can  also  be  read  by  noting  the  level 
of  mercury  in  either  arm  of  the  tube.  (Both 
sides  should  read  approxiniately  the  same.) 
The  temperature  recorded  in  tne  pictured  in- 
strument is  approximatcl>  95®:  Aln^h  would  call 
for  some  drastic  action  if  it  weie  dctuall>  un  a 
magazine  bulkhead. 

Maximum  temperature  is  read  by  noting  Uie 
positioh  of  the  bottom  edge  of  the  little  steel 
index  marker  against  the  right-hand  scale,  which 
increases  upward.  (The  picture  shows  it  at  just 
over  100*,  another  exceBSive  temperature,  for 
a  magazine.)    *  »  .  f 

Minimum  temperature  (h^^  a  little  over  45^ 
ib  read  on  the  left-iiand  s^ale  against  the  botton) 
edge  of  the  little  steel' marPifer.  The  minimum 
scale  incr'jases  downward.  * 

To  zero  the  instiarfnent,  a  small  horseshoe 
magnet  is  run  against  the  glas's  tQbe  to  draw 
each  steel  index  marker  down  to  the  level  of 
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Figure  3-25.  —  Maximum- minimum  thermometer. 


the .  mercury •  Zero  the  thermometer 'on  both 
sides  after  you  have  recorded  .the  maximum 
knd  minimum  readihgs. 

Magazines    should   be     eqiiipped  With  two 
^  maximum-minimum  thermometers— one  in  the 
1  coolest  part  of  the  magazine,  and  one  in  the 
,  warmest.  Others  may  pe  used  where  it  is  con- 
bid^red  necessary  to  have  additional  data  on  parts 
of  the  magazine  tlmt  may  get  too  war^— bulkheads 
near  the  steam  lines,  for  example. 

Since  powder,  under  usual  stowage  conditions, 
deteriorates  continuously,  even  if  slowly, 4t  will 
eventually  become  dangerous..  It  is  just  a  matter 
.of  time— fortunataly,  a  good  long  Ume,  under 
normal  circumstances^  but  feniperature  readings 
are  not  enough  to  k^ep  track  of  the  powder's 
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stability.  Records  of  the  powder's  age  and 
chemical  characteristics  are^needed  and  the 
powder  must  be  kept  continuously  under  test  to 
verify  its  condition. 

Records  of  Magazine  Inspections 

Like  other  maintenance  procedures,  magazine 
inspections  and  aimnunition  surveillance  opera- 
tions are  performed  periodically  according  to  a 
prescribed  schedule.  The  magazine  inspections 
and  surveillance  operations  presently  prescribed 
for  all  United.  States  naval  vessels  are  listed  in 
OP  4.  ■        *       #  o 

.  Written  recordsmust  be  kdpt  of  all  maintenance 
ope^gations,  whether  tti^y  are  routine  or  not.  As 
far  as  magazine^ '  inspections  aiiS  ammimition 
surveillance  are  concerned,  the  most  common 
written  records  are  the  magazine  temperature 
record  (fig.  3-26A)  and  the  daily  magazine  t6m- 
perature  report  form  (fig.  3-26B). 

The  magazine  temperature  record  is  a  card 
posted^ in  each,  magazine.  Every  day  you  enter 
on  it  the  maximum  and  minimum  temperatures 
recorded  for  the  previous  24  hours  in  that 
magazine.  The  .card  is  replaced  every  month, 
and  the  old  one  is  turned  over  to'  the  weapons 
officer. 

The  daily  magazine  temjferature  report  sum- 
marizes' the  results  of  maga^ne  inspections  for 
the  whole  ship.  This  form  includes  not  dnly  spaces 
for  entering  the  highest  and  lowest  magazine 
temperatuj:e,  but  also  for  reporting  tj>e  condition 
of  the  magazines  and  their  ventilating  device* 
and  (xmder  remarks,  for  miscellaneous)  nondaily 
routine'work.  . 

The  daily  magazine  temperatures  are  trans- 
ferred from  the  l^eord  cards  to  a  magazine  16g 
^  which  is  a  pern^nent  record  of  all  magazine 
temperatures.  A  ^parate  section  of  the  magazine 
log  should  be  set^>side  to  recox*d  the  results  of 
the  monthly  sprinfi\pg  systems  tests. 

Magazines  ai*^'  considered  to  be  in  normal 
condition  if  inspection  shows  the  following  to 
be  true:        '     ?  ' 

1.  Magazines  and  m^azine  areas  are  well' 
insulated  as  protection  against  abnormal  high 
temperatures. 

2.  Magazines  are  dry,  well  ventilated,  and  in 
good  repair.' 

3.  Magazine  doors  can  be  secured  against 
unauthortzed  entry.  r 

4.  The  interior  of  the  magazine  is  clean  and* 
orderly  with  contents  so  grouped  a.e  not  toexceed/ 
prescribed  heights  and  quantities. 
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MAGAZINE  TEMPERATURE  RECORD 

SND  GEN  90(ttT  11-48) 
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JNSPECTEO  MAGAZINCS  CONDITION" 


INSPECTED  MAGAZINE  VENTILATION  CONOHIOlT 

o_/<:  


INSPECrEO  SVOKEVeSS  POWDER  SAHPtESCdl.OlliOir  

OA'.  ^ 

.      SSfiOUCTftf^iflEifiyTEST  OF  MA&INElPRiNKlER  SYSTEMS^ 
REMARKS 


SIGMiTURE  (GMC  Of  CM  m  Ow^)    .  SICNAFURE  (Cuno«y  Officer) 
OEStAMT  FORM*0<».>r«.^.  n/55l   


Figure  3-26.— Magazine  records  — A. .Magazine  temperature  record.  B.  Daily 


,  .  5.66 
magazine  temperature. 


5.  The  atmosphere  in  and  around  the  magazine 
is  free  from  excessive  ether-alcohol  fumes. 

*  6.  The  temperature  does  not  show  readings 
Rbove  100**  F".  (Maxiixium  and  minimum,  tem- 
perature readings  are  recorded  "and  reported  to 
the  OOb.) 

7.  Requirements  outlined  on  applicable 
stowage  charts  are  met. 

8.  Containers  are  in  satisfactory  condition. 

9.  Contents  of  the  magazines  are  identified 
and  segregated  by  lot  numbers. 

10.  Loose  rounds,  damaged  contfiiners,  paint, 
oils,  waste,  rags,  dunnage  not  in  use,  and  other 
prohibited  articles  are  not  present  in  any  maga- 
zine. 

11.  Magazines  are  properly  identified  by 
placards,  inside  and  out. 

^  12.  Arnmunltlon,  explosive^,  and  loaded  com- 
ponents are  not  Stowed  outside*  appropriate  and 
designated  magazine^areas. . 

13.  Boxes  and  other  containers  are  securely 
closed.  . 


14.  Firefighting  equipnient  is  la  operating  con- 
dition. 

The  inspection  afforded  shipboard  magazines 
is  basically  the  same  for  magazines  ashore.  Those 
responsible  for  ammunition  ashore  must  be' 
f^iliar  with  all  instructions  and  procedures 
governing  the  inspection  and  maintenance  of  al[l 
ammunition  and  jnagazine  areas.  All  magazines 
should  be  inspected  in  detail  every  day.  Where 
this  is  impossible  due  to  lack  of  personnel,  one 
or  more  magazines  which  are  representative  of 
each  group  or  type  of  magazine  must  be  in- 
spected 'daily.  The  results  of  any  and  all  in- 
spections are  recorded  in  the  magazine  logs 
over  the  signature  ^  of  the  person  making  the 
inspection.  \ 

There  .  are  several  matters  which  are  not 
conmiOn  to  shipboaid  magazines,  but  which  do 
apply  to  magazines  ashore.  One  is  that  a  definite 
firebreak  is  necessary  around  all  the  maga;|ines*, 
^It  must  be  of  prescribed  width  and  should  be 
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kept  free  of  rubbish  and  other  flammable  ma- 
terials at  all  times.  Another  is  that  all  ammuni- 
tion, explosives  and  components  thereof,  must 
be  stowed  in  the  designated  and  appropriate 
magazines.  They  cannot  be.  stowed  in  buildings 
used  for  other  purposes.  The  requirements  for 
normal  magazine  conditions  for  magazines  ashore 
are  the  same  as  those  for  aboard  ship. 

,lf  any  abnormal  or  hazardous  condition  is 
fo^nd  to  exist,  the  matter,  should  be  reported 
at  once  to  the  commanding  officer  and  prompt 
corrective  measures  should  l?e  taken.  Facts 
peutainifig  to  any  abnormal  conditions  must  be 
entered  in  the  deck  log. 

Special 'inspecfibn'RequirSn^ent?^   ^  ^ 

ROCKETS.  — Rockets  are  usually  stowed  with 
their  heads  and  motors  packaged  in  separate 
magazines.  A  limited  number  of  rockets  complete 
with  fuze  may  be  stowed  temporarily  in  ready- 
service  lockers.  The  inspection  requirements 
for  the  motors  are  similar  to  those  for  bal- 
llstite.  Most  rocket  ^jeads  have  no  special  in- 
spection requirements.  However,  rocket  heads 
over  200  pounds  gross  weight  are  classified  as 
bonib^t^  ammunition  and  must  be  inspected 
as  such.  - 

INITIATING  DEVICES.  —  Fuzes, primers, det- 
onators, and  similar  initiating  devices  should 
be  inspected  to  ensure  that  they  are  properly 
segregated  in  identified  logs  according  to  type, 
enclosed  in  suitable  tighUy  closed  containers, 
and  well  protected  from  moisture. 

SMALL-ARMS  AMMUNITION.  — Small"  arms 
ammunition  must  be  inspected  to  determine  that 
full*  boxes  are  properly  marked  and  sealed, 
intact,  ^  and  that  the  lids  or  covers  of  partially 
filled  boxes  are  securely  closed  and  approppately 
marked.  ^^^^^ 

PYROTECHNICS  AND  CHEMICAL 
Ml  MTIONS.T- Pyrotechnics  and  chemical  am- 
munition frequently  are  characterized  by  a 
definite,  stated  length  ,  of  life,  beyond  which 
deterioration  may  be  expected. 
•  The  inspector  should,  therefore,  examine  the 
markings  closely  for  dates  of  nrtanufacture  and 
expiration  dates  of  storage.  He  should  also 
ensure  that  containers  are  not  rusty,  corroded, 
or  leaking,  that  they  are  tightly  sealed,  and  the 
contents  protected  against  moisture.  Special  fire 
*ixtinguishing  agents  and  equipment,  if  requi;red, 
should  be  examined  to  assure  their  availabilify 


and  serviceability.  Gas  masks  or  oilier  pro- 
tective, equipment,  if  lequired,  should  be  avail- 
able ^ind  serviceable. 

WHITE  PHOSPHOROUS. —  White  phosphorous 
(WP), loaded  ammunition  stowage  should  be  sep- 
arate'from  other  ammunition  stowage. 

Stowage  spaces  for  WP  loaded  ammunition 
should  be  topside,  away  from  ventilation  intakes 
and  in  a  place  convenient  for  jettisoning.  They 
shall  be  protected  from  direct  sunlight,  rain, 
spray  or  other  conditions  that  may  cause  cor- 
rosion to  ammunition  containers. 

White  phosphorous  ammunition  must  be  stowed 
^liere  temperatures  can  \)e  maintained  Velow 
100^  FW^i^ausei WP.melts  at  110*"  J5W *Ta  satisfy 
this  condition,  it  may  be  necessary  to  stow  WP 
below  decks.  In  such  a  case,  separate  stowage  is 
preferable,  however,  the  selected  sUj^ge  space 
shfLll  be  capable  of  l)eing  rapidly  and  completely 
flooded  bv  n'^ans  of  a  sprinklf^r  system. 
^  All  Wl^.  projectjles  and  rocket  heads  shall  be 
stowed  base  cjown  to  prevent  them  fron*heoonnng 
unbalanced  should  tiw  WP  tiih  r  n..  U  and  sub- 
sequently solidify. 

Loaded  WP  anununition  should  1^  handled 
carefully  so  it,  may  retain  its  air-tight  seal. 

White  phosphorous  will  spontaneously  ignite 
in  air.  If  gombustion  occurs  in  a  confined  space 
the  oxygen  content  of  the  atmosphere  in  the 
space  will  not  be  sufficient  to  support  life.  Further 
lugh  concentrations  of  the  vapors  evolved  by 
burning  WP  are  irritating  to  the  eyes,  nose, 
throat,  lungs,  and  skin. 
1  White  phosphorous  vapors  and  M  res  can  best 
be  controlled  by  complete  inimor&ion  oMeaking 
item  of  WP  ammunition  in  a  tank  of  water  kept 
available  in  the  area.  Vapors  and  fires  can  be 
controlled  by  application  of  low  velocity  water 
spray;  however,  WP  will  re-ignite  when  water 
^has  dried  from  it.  Exposed  WP  shall  l^e  kept 
wet  until  all  traces  are  washed  or  scraped 
overboard. 

\Vhen  readiness  so  requires,  WP  projectiles 
riiay  be  stowed  in  upper  handling  rooms.  Because 
.  "  of  the  susceptibility  of  WP  to  high^tem'perature 
ahd  >the  danger  of  vapor  escaping  to  adjacent 
personnel  spaces  and  vent  systems,  upper  handling 
:  room  stowage  should  be  used  for  short  periods 
of  time,  preferably  only  immediately  before 
firing.    ^  -  ' 

/  MAGAZINE  SPfilNKI  ING  SYSTEM 


Sprinkling  systems  are  used  lor  emergency 
c/ooling  of,  apfi  firefighting  in,  magazines,  readg 
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service  rooms,  ammunition  and  missile  handling 
areas,  turrets,  and  some  enclosed  mounts.  A 
magasdne  sprinkling  system  consists  of  a  network 
of  pipes  secured  to  the  overhead  and  Connected 
by  a  sprinkling  system  control  valve  to  the  ship's 
salt  water  fire-main.  The  pipes  have  small  boles 
which  are  arranged  so  that  the  water  forced 
through  them  showers  all  parts  of  the  magazine 
or  ammunition  and  missile  handling  areas.  A 
modem  sprinkling  system  can  wet  down  all 
esqposed  bulkheads  at  the  rate  of  2  gallons  per 
minute  per  square  foot  and  can  sprinkle  the 
deck  area  at  the  rate  of  4  gallons  per  minute 
per  square  foot.  Magazine  sprinkling  systisms 
are  designed  so  that  they  are  capable  of  completely 
*  flooding  1hei]«  des?^gnatfed  ^litiJs  within  an  h^ut. 
To  prevent  unnecessary  flooding  of  adjacent 
areas,  all  compartments  equipped  with  sprinkling 
systems  are  watertight.  Upper  deck  handling  and 
ready  service  rooms  are  equipped  with  drains  that 
liihit  the  maximum  \yater  level  to  a  few  inches. 
Magazines  are  completely  enclosed;  if  flooded, 
they  would  be  esqposed    to   the  full  firemain 
pressure.  The  firemain  pressure  on  most  ships 
is  considerably  higher  than  the  pressure  that 
magazine  bulkdheads  could  withstand;  therefore, 
magazines  are  equipped  with  exhaust  ventilators 
'that  are  located  in  ^the  bulkhead  near  the  overhead. 
An  exhaust  ventilator  is  a  pipe  with  a  check  valve 
that  permits  pressure  release  (usually  to  the 
topside).  Since  the  diameter  of  the  pipe  is  large 
enou^  to  allow  water  to  flow  out  as  fast  as  it 
flows  in,  no,  excess  pressure  can  build  up  in 
the  magazine  compartment. 

On  newer  ships/  mctgazines  are  also  equipped 
with  small,  c^ped  drainpipes  located  in  the 
bulkhead  near  the  deck.  The  caps  may  be  removed 
in  the  adjacent  compartment  to  drain  flooded 
magazines. 

J  In  their  complexity ^  the  sprinkling  system 
'''**t5ontrol  valve  and  associated  components  vary 
with  the  type  of  ship^,  tyi)e  of  stowage,  and  type 
of  ammunition  or  missile  stowed  in  the  magazine. 
In  ready  service  areas  of  combat  ships  and  iii 
certain  magazines  of  auxiliary  ships,  a  simple 
globe  valve  or  gate  valve  is^nsteiied  for  sprin- 
kling the  riiagazine.  ThtSvalve  is  manually 
controlled  i>y  a  handwheel  or  some  other  mechan- 
ical device  located  outside  the  stowage  or  handlifig 
area.  The  control  valve  is  connected^to  the 
handwheel  by  mechanical  linkage  (reach  rods). 
On  combat  ships,  magazines  are  normally  divided 
into  groups.  The  sprinkling  of  each*  group  is 
.  controlled  by  a  master  gioup  control  valve.  This 
valve  can  be  manually  operated  or  can  be  hy- 
draulically  controlled  from  one  or  more  remote 


^ontrol  stations.  A  typical -niagazine  sprinkling 
system  temota  control,  showing  two,  types  of 
hydraulic  mal^pontrol  valves,  is  shown  in  figure 
3-27.  This  hy^aulic  sprinkling  system  is  the 
older  type  ^,stem  you  will  still  find  in  the  fleet. 

There  ara^ee  types  of  hydraulic  controlled 
sprinkling  systems;  the  oil  operated  dry  type, 
salt  wateir  operated, dry  type,  and  5ait  water 
operated  wet  .Since  all  three  of  these  types 
of  systemTs  i^&y  installed  aboard  the  same 
ship  and  the  testing  procedure  is  slighUy  differ- 
ent in  each,  (^se,  it  is  important  to  follow  the 
testing  instoi^ons. " 

The  hydra^iic  sprinkling  system  main  control 
valve  shown  i|  figure  3-28,  and  the  valveiiot  con- 
nected in  the  ^stem  in  figure  3-27,  is  a  modified 
version  of  ti^^^alve,  connected  in  the  ^stem.  This 
is  a.piston-^gerated  globe -valve,,  normally  held 
closed  by  spr^g  pressure  acting  on  the  piston 
and  firemain, pressure  acting  on  the  disk.  When 
hydraulic  prej^sure  tenters  the  underside  of  the 
piston,  a  force  is  created  that  overcomes  both 
spring  tensioi  and  firemain  pressure,  lifting  the 
valve  disk  jon  its  seat  and  allowing  salt  water 
from  the  Hg^ain  to  flow  through  the  control 
valve  to  the  jprinkling<;iystem  piping.  The  valve 
is  closed  b/^ring  a^on  when  the  hydraulic 
pressure  is  vented  from'iSider  the  valve  piston. 
In  an  emer^ncy,  the  cdntrol  valve  can  be 
manually  op^d  ty  means  of  a  ratchet  wrench. 

It  should  ^rnoted  that  this:control  valve  has  a 
test  casting  flushing  adaptor  built  into  the 
;dry  side  of  the  control  valve  body.  The  older  type 
control  vAlve  has  no  flushing  and  test  casting  built 
into  its  body;  therefore,  aspecialilushingandtest 
(Casting  is  installed  on  tiie  dry  side  of  the  valve. 

In  the  older  type  control  valve  hydraulic 
pressure  is  Mrted  to  the  top  of  the  valve,  hy- 
^draulic,  pressdre  is  down  (schemaQcally)  to 
open  the  valve.'  The  functions  of  this  hydraulic 
sprinkling  control  valve  are  similar  .to  those 
of  the  modified  valve.  The  modified  valve  is 
opened  hydr^itically  by  pressure  being  exerted 
to  the  botto&|df  the  valve  plston|  whereas  in  the 
older  type  control  valve,  fluldpr^ssure  isexerted^ 
on  top  of  the  valve  piston  to  open  the  valve.*^ 
Another  difference  is  in  the  control  valve  closing 
springs*  The  modified  control  valve  has  one 
spring  assemljled  inside  the  valve  casing  and  the 
older  type        two  springs  located  outside  the 
valve  casing.^  '  • 

Ari  oil  supply  tank,  located -at*;  each  remote 
control  statrdrf,  provides  the  Ir^.draullc  fluid  for 
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Figure  3-27.— HydrauUcaUy  operated  magazine  sprinkling  system.  /  - 
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DISK 


/  11.324 

Figure  3-2a.  — Hydraulically  operated  control 
v^ve  (modified  design) •/ 

I     '      '  / 
operating  the  sprinkling  systenrf  control  valve. 

The  averag^  tank  holds  appro^drnately  2  gallons 

of  hydraulic^  fluid.  The  size  (rfpach  tank  depends 

on  tiie  size^-and  number  of  valves  to  be  operated 

froni  the  remote  control  station.  The  types  of 

tanks  are  'Similar,  except  for  the  oil  level 

indicators*      ^  ^ 


Each  remote  control  station  "has  an  oil  pres- 
sure gage  installed  which  indicates  the  hydraidic 
pressure  developed  by  the  hand  pump.  In  addition^ 
some  control  stations  also  have  water  gages 
installed  which  are  connected  to  the  dry  side  of 
the  control  valve  and  which  provide  pressure 
indication  only  when  the  magazine  is  ^being 
sprinkled.  In  one  type  of  tank  a  dipstick  is  used; 
in  the  other  a  sight  glass  is  installed.  Refer 
to  figure  3-29. 

_  On  some  .sfeiffg,  light  indicators  are  installed 
at  the  remote  control  stations  to  indicate  whether 
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WITH 
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GAUGE 


Figure  3-29.- 


WITH 
GLASS 
GAUGE 

84.3U9 

-Types  of  oil  supply  tanks. 


the  sprinkling,  system  control  valve  is  open  or 
closed.  The  lights  are  controlled"  by  switches 
installed  on  the  sprinkling  control  valve.  Nor- 
mally, either  water  gages  or  indicating  lights 
are  used;  however,  a  few  ships  have  both,  devices 
installed  at  each  remote  control  station. 


The  hand  pump,  shown  in  figure  3-30,  is  made 
of  bronze.  It  is  a  rotary  gear  type  of  pump  which, 
when  rotated  clockwise,  provides  the  hydraulic 
pressure  required  to  operate  the  sprinkling 
system.  The  pump  handle  is  removable  and  ds 
normally  stowed  on^the  bulkhead  at  the  remote 
control  station. 
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Figure  3-30,— pand  pump. 


The  filter  assembly  is  located  in  the  hand 
pump  intake  line  at  the  remote  control  station, 
(Refer  to  figure  3-31,)  The  as'sembly  filters 
out  the  particles  of  foreign  matter  from  the 
hydraulic  fluid,  thus  preventing  damage  to  the 
equipment  and  possible  interference  In  the  sprin- 
kling system's  operation.  The  filter  element 
should  be  replaced  at  each  overhaul.  ' 

A  spring-loaded,  swing  check  valve  is  located 
in  the  pump  ou^ut  Une.  The  valve  prevents  the 
system  pressure  from  escaping  through  the  pump 
to  tank* 


SPRINKLING  CONTROL  VALVE.— A  4-way 
control  .valve,  shown  in  figure  3-32  is  located 
in  the  pump  output  line,  between  the  swing  check 
valve  and  the  power  operated  check  valve.  This 
valve  controls  the  fluid  flow  throughf  our  hydr  aulic 
lines.  The  valve  body  (cock)  is  arranged  so  that-, 
the^  pressure  port  (pump  output)  can  be  directed 
either  to  the  open  port  or  close  port  of  the 
sprinkling  system.  Simultaneously,  the  port  (open 
port  or  close  port)  which  is  not   connected  to 
pressure  is  connected  to  the  return  (tank).  When  ^ 
the  4-way  valve  control  handle  is  positioned  to 
NEUTRAL,  the  pressure  port  is  blocked  and  the 
close  port  and  open  port  are  connected  to  tank, 
A  spring-loaded  reUef  valve  is  located  in  the 
pump-  output  line.  The  spring  is  adjusted  to  Umit 
the  pump  output  pressure  to  375  psi.  If  the 
pressure  in  the  system  exceeds  this  amount,  the 
relief  valve  lifts  to  bypass  the  excess  hydraulic 
fluid  to  tank,  . 

The  power-operated  check  valve  is  located 
between  the  4-way  control  valve  and  the  hydraulic 
sprinkling  system  control  valve.  The  check  valve 
either  connects  the  pump  output  to  the  piston  of 
'  the  sprinkling  system  control  valve  or  allows 
the  hydraulic  fluid  from  the  sprinkling  system 
control  valve  to  return  to  tank.  When  the  4-way 
control  valve  is  positioned  to  OPEN  and  the  pump 
handle  is  turned,  hydraulic  fluid  from  the  pump 
is  connected  to  the  power-operated  check  valve. 
The. pump  {)ressure  lifts  the  poppet,  and  the  fluid 
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Figure  3-32,—  Fouri?way -control  valve. 


.  84.312 


is  ported  to  the  sprinkling  system  control  valve. 
As  soon  as  the  pump 'is  stopped,  the  poppet  is 
q)rtng-retumed  tp  its  seat,  thus  blockhig  the 
hydraulic  -fluid  to  the  sprinlding  system  control 
valve  and  holding  the  control  valve  c^n.  To  close 
the  sprinkling  system  control  valve,  the  4-way 
valve  must  be  positioned  to  CLOSE,  and  the  hand 
pump  must  be  operated  again*  The  pump  outputis 
directed  to  the  port  of  the  power-operated  check 
valve  which  is  located  below  (schematicaily)  the 
piston.  The  hand  pump  volume  moves  the  piston 
up  and  forces  the  poppet  off  its  seat,,  allowing  the 
trapped. l^draulic  fluidf  rom  the  sprinkling  system 
control  valve  to  return  to  tank,  thereby  enabling 
the  spring  in  the  sprinkling  ^stem  main  control 
valve  to  se^t  the  diisk. 

The  small  cylinder,  power-operated  check 
vplve,  shown  in  figure  3-33A  is  designed  for  oil 


operation  only,  while  the  large  cylinder  check 
valve  shown  in  figure  3-33B  may  be  either  oil  or 
Avater  operated.  '  . 

Test  castings  are  used  with  both  the  old  and 
modified  types  of  sprinkling  ^stem  control 
valves.  The  test  castings  are  alway^rlbc^tedon 
the  dry  side  of  the  control  valves.  They  provide  / 
a  means  of  checking  the  sprinkling  system  without 
flooding^  the  magazine.  The*  castings  also  allow 
flushing'ot  the  sprinkling  eystemv 

Test  Fittings 

The  test  fitting  assembly  for  the  sprinkling 
system  modified  troe  of  main' control  valve  is 
shown  in  the  illustration  In  figure  3-34,  Note  that  * 
the  test  fitting  is  threaded  into  the  control  valve, 
after  the  body  cap  has  been  removed.  When  the 
'cap  of  the  test  fitting  is  removed,  a  hose  can  be 
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Figure  3-33,  — Power  operated  check  v/ilves,  . 

*    connected  tQ  the  fitting  for  fljii^hifig  the  si)^nkling 

system, '  .     *  '    V     *  «  «^  i  '  ^ 

The  lest  casting  shown  in  figure  8735  is  used 
wlft^tbe-  <51d  type  of  main  con^ol  valve.  The 
disk  ^(flapper)  is  closed,  and  a  wedge^  bar  is 
'  ;  inserted  into  the  casting,  to  hold^thier  disk  closfed 


TO  OVERBOARD 
DISCHARGE 


VALV£OPEN 
(FLUSHING) 


HOSE 

Vest  fitting  - 


FROM  FIRE  MAIN 


MANUAL 
OPERATING 
LEVER 
^  \ 


BODY  CAP 
OR  FLANGE 


VALVE  CLOSED 
(NORMAL)  ^ 


FROM  FIRE  MAIN 


DRAIN  AND 
AIR  TEST 
CONNECTION 


Figurci  3-34.-^Tefet  fitting  foi:  sprinkling 
system  testing  and  flushing,  modified  type. 

before' the  sprinkling  system  is  tested  or  flushed, 
(The  illustration  showg  a  simple,  manually  oper- 
ated sprinkling  system  main  coatrpl  valve.) 

The  following  is  k  descriptioa  Of  operational 
procedures  for  sprinkling  a  magazine '  which 
becomes  overheated  due  to  a, nearby  fire.  It  ifi 
assumed  that  the  sprinkling  is  contrpUed  from 
a  remote  control  station.  • 

To  set  up  the  control  .station,  the  handpumj 
^  handle  must  le  installed  and  the  4-way  control 
valve  must  be  positioned  to  OPEN,  as  indicatec 
on  the  nameplate  of  the  valve. 

^JAUTION:  Some  control  stationfe  may  sprin- 
kle two  magazine  groups;  therefore,  these  con- 
trol stations, are  equipped  with  two  4-way  centre] 
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Figure  3-35.-^  Sprinkling  system  test  casting,  old  type. 
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valves,  cyfe  must  be  taken  to  ensure  against 
sprinklyjg  the  wrong  m'agazine. 

Moving  the  4-way  control  valve  to  the  OPEN 
position  connects  hand  pump  output  to  the  under- 
side of  the  poppet  in  the  power-operated  check 
valve.  By  rotating  the  hand  pump,  oil  pressure 
moves  the  poppet  up  thereby  allowing  oil  to  be 
transmitted  to  the  sprinkling  control  valve 
'  piston. 

When  the  piston,  in  the  main  XJontrol  valve 
has  moved  its  maximum  allowed  distance,  pres- 
sure in  the  hydrualic-  system  reaches  375'  psi 
and  any  further  hand  pump  output  is  bypassed 
through  the  relief  valve  to  the  supply  tank. 

When-  the  pump  is  stopped,  the  poppet  in  the 
power-operated  check  vsive  will  seat  thereby 
blocking  fluicl  flow  to  the  sprinkling  control 
valve  piston  thus  holding  the  main  control  valve 
open. 

To  clo§e  the  sprinkling  system  main  control 
valve,  position  the  4-way,  control  valve  to  CLOSE, 
and  rotate  the  hand  pump  in  a  clockwise  direction. 
Hand  pump  output  is  now  ported  to  the  power- 
operated  check  valve  piston  causing  the  poppet 
to  lift  off  its  seat.  '      '  . 

As  soon  as  the  poppet  lifts,  the  hydraulic 
fluid  which  was  hplding  the  sprinkling  system 
cofttrol  v^ve  open  is  vented-  to  tank  and  the 
sprinkling  system  main  control  valve  is  closed 
by  spring  action. 


CAUTION:  Take  care  to  keep  the  pump  ro- 
tating and  to  maintain  375  psi  on  the  hydraulic 
gage  until  the  salt  water  gage  (if  installed)  in- 
dicates zero.  •  #^ 

When  the  sprinkling  system  main  control 
valve  is  closed,  the  4-way  control  valve  must 
be  positioned  to  NECT^\L.  In  this  position, 
.the  4-way  valve  blocks  the  pump  output  port 
and  connects  both  the  open  port  and  the  close  ■ 
port  to  tank. 

'The  sprinkling  system  just  described  is  found 
mainly  in  the  ammunition  magazines  of  older 
ships.  On  newer  ships  and  on  most  redesigned 
ships,,  the^ani munition  magazines,  special  weapon 
spaces,  missile  magazines,  and  missile  handling 
spaces  "use  firemain  water .  pressure  (90  psi) 
to  operate  the  sprinkling  system  main  control  f 
valve.  This  salt  water  actuated  system  elimi- 
nates the  oil  supply  tank,  hand  pump,  check  valve, 
and  relief  valve. 

Salt  vVater  Spri'illding  System  .  . 

The  main  control  valve  in  the  salt  water 
systeni  shown  in  figure  3-36  functions  similarly 
to  the  valve  ^operated  b>  hydraulic  fluid  except 
that  the  salt  water  operated  v^|^  cannot  be 
opened  or  closed  mechanically  ancl  contains  a 
sight  tube  that  indicates  the  condition  (open  or 
closed)  of  the  valve. 

This  valve  c^  be  ^activated  either:  by  a 
manual  control  valve  or  automatically  through 
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Figure  3-36.— Sali  water  operated  sprinkling 
(main)  control  valve, 

heat  sensing  devices  acting  on  a  pneumatic 
"released  pilot  (PRP)  valve.  Activation  either 
method  will  allow  fire  main  pressure  to  be  ad- 
mitted to  the  bonnet  chamber  of  the  main  control 
valve*  Spring  pressure*  holding  the  main  sprin^ 
kling  control  valve  closed  is  overcome  by  the 
firemain  pressure  to  "e^n  thtf  valve  and  direct 
^  water-  to  the  sprinkling  heads.  Deactivation  of 
the  system  is  accomplished  \jy  properly  posi- 
tioning the  respective  control  valves  which  direct 
water,  to  a  power-operated  check  valve,  opening 
it,  and  allowing  water  to  drain  from  the  main 


sprinkling  coi}trol  valve'bonnet  and  spring  pres- 
sure to  close  the  valve. 

The  latest  improvement  in  automatic  'Sprin- 
kling systems  is  the  use  of  iiremain  pressure 
to  activate  a  wet  type  system.  In  this  system, 
the  normally  dry  section  between  the  main  control 
valve  ai)d  the  sprinkling  haads  is  filled  with 
nonpressurized  fresh  water.  The  dry  side  of  the 
system  is  kept  filled  with  fresh  water  by  the  use 
of  a  fresh  water  tank.  A  combination  valve  and 
sp^*inkling  head  replace  the  open  orifice  type 
of  spray  head.  The  sprinkling  head  valve  is 
supplie,d  from  an  accumulator-type,  20-gallon 
fresh  water  tank.  Actuation  of  the  PRP  valve  or 
operation  of  the  manual  3-way  valves  cuts  off  the 
50  psi  accumulator  tank  and  releases  tiie  water 
pressure  on  the  sprinkler  head  valves.  At  the 
same"  time,  the  main  control  valve  is  released  ; 
and  sprinkling  begins  immediately. 

Control  Pa^l 

The  sprinkling  system  control  panel,  shown 
in  figurQ.  3-37,  is  located  in  the  ammunition 
handling  room  and  is  the  parent  control  station  ^ 
for  automatic  sprinkling  of  the  Jower  ammunitioii^ 
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Figure  3-37.-^ Sprinkling  system 
contrui  station  D. 
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hoists  and  carrier  room  of  the  5"/54  gun  mount. 
Main  components  on  the  panel  consist  of  a 
manually  controlled  sprinkling  ,  valve,  a  pneu-/ 
matically  released  pilot* (PRP)  valve,  cmd  the' 
sprinkling  main  control  valve.  The  sprinkling 
system  may  be  -activated  by,  manually  positioning 
the  manual  control  valve  or  by  the  PRP  valvi  which  ^ 
is  Activated  automatically  by  heat  sensing  devices, ' 

Automatic  Control  Devices 

Some  gun  magazine  sprinkling  systems  are 
equipped  with  automatic  control  devices.  These 
'  tutomatic'  control  devices  are  actuated  by  heat , 
nslng  elements  located  in  the  magazine  area. 
The  automatic  control  device  actuates  the  same 
sprinkling  sys4m  main  contrbl  valve  which' is 
operated  by  the  nydraulic  remote  and  local  control 
stations.  The  device  can  be  designed  to  actuate 
when  a  rapid  rise  of  temperature  occurs  or  when 
the  heat  excfeeds  a  fixed  temperature. 

The  earliest  education  of  automatic  control 
fox*  sprtjikllng  systems  (r^te-^of-rise)  consists 
of  the  use  of  one  or  several  heat  actuated 
devices  (HADs),  Installed  in  the  magazine  or 
amniunitlon  stowage  space.  The  HAD  is  connected 
by  a  l/8<-inch  insulated  tubing  to  a  pneumatically 
released  pilot  valve  which  controls  the  operation/ 
of  a  Jacking  cylinder;  the  jacking  cylinder,  in 
turn,  controls  the  operation  of  the  sprinkling 
system  main-  control  valve,  Jhe^  rate-of^rlse 
device  and  assoplated  hydraulic  system  are  shown 
lir  figure  3-3g.  ^  , 

The  desl^  of  'the  rate-of-rise  (primary) 
system  for  the  automatic  control  device  is  based 
on  the  following  principles: 

^1,  Air  expands  when  Jieated. 

2,  E^qpanslon  of  air  in  a  closed  container 
produce^  pressure,*. 

3,  Pressure. can  be  converted  to  mechanical 
energy,  / 

The  fate-of-fise  device  is  designed  to  open  the 
magazine  main  (group)  control  valve  when  the 
device  absorbs^  heat  froiQ  ilre  at  &  rapid  r^te  ^ 
in  or  near  the  protected  compaftn^ent  to  create  ' 
within  the  automatic  control  device  ,  a  definite 
v6l\une  <rf  pressure  in  a  gi^pn  time,  ^  ^ 

When  the  heat  is  absorbed  by  tl)p  device  at  a 
slower  ];&te  than  the^  one  mentioned  in  the  pre- 
coeding  paragrs^h,  the  ^stem  does  not  function 
since  provision  is  made  within  the  PRP  valve  to 
allow  for  normal  temperature  c^^ges  within  the 
compartment, 


Tl^  gate  ^(alve  is  locked  open,  except  during 
servicing, of  ttie  sprinkll^ng  system.  The  strainer 
is  of  special  wye  type^  with  fine  perforation^ 
(slots)  in  a  Lionel  bapk^t,  ^  drain  cock  is  pro- 
vided in  the  ^rainer  boo^  to  drain  the  sediment , 
accumulated  from  the .  firemain  wajter  supplied 
to  the  PRP  v^ve^^  \ 

The  Japkiite:  cylinder  connects  the  oil  in  the 
hydraulic  isysram  Which;  qpelrates  the  main ^jontrol 

^valte  and  the!  water  i^^xd  4;he  firemain  which  is 
the  activating^^iedliiiti  foil  the  automatic  controj^ 
device, '  The  oil-  side , (small  dicuneter)  and  water 

^sidfe  Xlargfe  ' diameter) /pf"  the  cyjlifder  contain, 
re^ctlvely,  a  piston  With  hydraulic  cup  pack- 
ings suitable  ipr  oil  se?:viceuand  another  piston 
with  packings|  suitable  i^or-  salt  water , service, 
3oth  plBtons  are  connected  in  tandem. 

The  water  ^  side  of  it^  cylinder  is  so  designed 
that,  when  a  >t(ater  prejisure.of  40  psl  Is  applied 
to  the  water  piston,  sufj|cient  pressure. is 'trans- 
mitted by  the  loll  piston  to  overcome  the  spring 
force  and  wac^r  press\u^  acting,  on  the  valve 
disk  of  the  sprinkling  system  main  controLvalve, 

The  jackij^  cylinder  is  equipped  with  an^ 
indicator  which  provides  visual  indication  of  the* 
piston  positioc|s,  vent  installed^  between  the 
pistons  in  ^bpcfy  of .  the  jacking  cylinder  j)ro- 
^des  drainingjWhen  a  leakage  oqcurs  past  either^ 
piston. 


The  early  {model  Jacking  cylinder  contains 
a  leadoff  fitting  ^  a  tail  pipe  which  are  installeia 
^n  the  water  ^icSlof  the  Jacking  cylinder  to  per- 
mit release  of  water  during  resetting  of  the  PRP 
valve  after  the  .automatic  control  device  has  been 
actdated,  A  smalf  hol#  in  the  leakoff  fitting 
would  prevent  Jhe^  jackii^g  cyMder  from  lifting 
if  a  leak  should  develop  in  the  PRP  valve. 

The  PRP  valve  shown  in  figures  3-39  and 
3-40  releases  water  frbm  the  firemain  to  the 
large-area'  side  of  the  jacking  cylindei*  when  the 
temperature  *rate-of-ri6e  in  the  promoted  cojn- 
partment  exceeds  a  preset  level, 

The^PRP  va^ve  assembly  shown  iniigure  3-40 
consists  of  a  bronze  case  which  ^closes  a  release, 
diaphragm,  chamber,  liiikage,  springs,  andapilot 
valve  shaftjancji  levers,  TUe  shaft  and  levers  are 
connected  tt)  t^  PRP  which  opens  and  closes  to 
control  firemsdn  input  to  the  jaokliig  cylinder* 
The  shaft  and  levers  are  arranged  so  that  any 
sud^n  pressure  increase  causes  the  dis^hragm 
to  extend  into  the  dis^hragm  chamber  and  to 
trip  the  operating  lever  out  from  under  the 
fulcrum  lever.  When  the  fulcrum  lever  is  re- 
leased, the  pilot  valve  is  opened  by  spring  action. 
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Fi^e  3-39,— Hydraulic  and  automatic  thermo-pneuxnatic  rate-df-rise  control  systemf  forope■rat- 
.    *  ipg  magazine  sprinkling  control  valves. 
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RELEASE  LEVER 


AIR  PUMP  CONNECTION  AND 
SPRING  VALVE 


COMPENSATING  VENT 


PitOT  VALVE  SHAFT 
R  PRESSURE  ^AUGE 


FROM  FIRE  MAIN 


TO  THERMOSTAT 
VALVES 


NJFOLORTfiNG-  >T  


PILOT  VALVE  - 
4.EVER 


BULKHEACKl 
TO  JACKING  CYLINDER 


Figure  3-39. —  Three  views  of  the  pneumatically  released  pilot  v^ve  (PRP). 
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FVLCfiUU  LevCR, 


ntOU  KAO  UNITS 


DIAPHRAGM 


ooupcKSAriNG  venr 


RCLCASe  OlAPHAAOli  CA5€ 


Figure  3-40 Pneumatically  released  giloTvave  (PR^t  schematic. 
/  J 


84.319 


84.320 


ISlow'  cha&^fflS^  pressure  iv^iici  the  HAD  are  ija.D  Units 
equalized  by .  the  -^compensating  vent  which  is  .  . 

installed  in  the  ^'PRP  case.*  This  vent  consists  ^ 

of  a  carefully  calibrated  leak  in  a  special  stain-         The  heat  actuated  device  (HAD),  shown  in 

less  steel  fitting.  ^  figure  3-41,  is  a  pneumatic  ttormostat  which 
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^  84.321 
7— Heat  actuated  device  (HAD), , 


Fi'gure 


consists  of  a\K)llow  brass  chamber  whose  capa- 
city i6  about\l4  cubic  inches*  The  HAD  is 
located  in  the  protected  compartment  andcreates 
the  pressure  necessary  to  actuate  the  PRP 
valve  when  the  rate-of-rise  of  the  temperature 
in  the  protected  co^npartment  becomes  excessive. 
The  excessive  heat  is  absorbed  by  the  HAD 
.  and  is  utilized  to  heat  the  air*  trapped  in  the 
system.  The  heated  air  expands  and  creates  a 


pressure  which  is.  transmitted  through  1/8-inch  j 
tubing  to  the  PRP  diaphragm,  . 

One  or  more-HADs  are  installed  on  ^e  over- 
head of  each  compartment  protected, 

A  modified  model  of  a  rate-of-rise  au^Qmatic 
sprinkling  conti^ql  system  is  shown  in 
3-42  and  contalijs  the  following  improvements; 

1;  A  minimum  of  two  HADs  in  each  com- 

pai^ent.Jprotected,  , 
2,.*  A  modified^esign  PRP  valve, 

3,  A  circle  sSal  chepk  valve  in  each  trans- 
mission line  between  the  PRP  valve  and 
the  HAD,  ^  * 

4,  A  lever  operated  drain  valve  in  the  salt , 
water  side  of  the  jacking  cylinder,  ! 

'    ,      '  ■  'I 

A  PRP  valve'  has  been  modified  to  include 
an  air  charging  valve,  and  a  reset  key.  The  air 
gage  and  charging  valve  are  installed  to  provide 
a  means  of  pressurizing  the  automatic  control 
device  tc5  test  fqr  leaks.  An  air,  pxunp  i^also 
provided  with  the  special  tools  for  use  in  the 
pressure  test,  the  PRP  reset  key  is  provided^ 
for  the  resetting  of  the  PRP  valve  operating' 
mechanism  after  the  valVe  has  been  trippedj 


S£E  nOURE  3-44 1 
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Figure  3-42\— Modified  rate^of-rise  automatic  sprinkUng  control  system,  ^ 
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A  spring-loaded  circle  seal  check  valve  shown 
in  figure  3-43  is  installed  in  the  air  tubing  of 
each  HAD»  and  is  designed  to  check  against 
sudden  changes  in  pressure  in  one  direction  aad 
to  open  when/  pressure  is  applied  from^the 
opposite  direction.  The  valve  housing  contains 
a  restricted  bypa^s  orifice  that  equalizes  pres- 
sure in  the  system  so  that  pressure  created 
in  one  HAD  is  restriGi|(^  to  the  diaphfa^ 
cKamber  of  the  PRP  valve  assembly  instead  of 
pressurizing  the  entire  system.  (The  direction 
of  air  flow  is  shown  in  figure  3-43.) 


After  the  PRP  valve  has  been  reset;^  the  lever 
operated  drain  valve  .^st  be  ipa^ually  opened 
before  the  jacking  cylinder  returns  to  its  normal 
position  and  allows  the  sprinkling  system  main 
con^ol  valve  to  close. 

A  0.098-inch  hole,  located  in  the  bridge  wall  of 
the  lever  operated  drain  valve,  prevents  pre- 
mature sprinkling  of  a  magazine  by  salt  water 
leaking  from  the  PRP  valve. 

Another  of  the  newer  autom^c  sprinkling 
control  systems  is  shown  in  figure  3-45.  This 
system  incorporates  the  following  features: 


A  lever  operated  drain  valve,  shx>v/n  in  figure 
3-44,  is*  installed  in  the  salt  water  side  of  the 
jacking  cylinder.  This  valve  is  self-closing.  When 
opened,  it  drains  the  water  side  of  the  jacking 
cylinder.  ^  ^ 


1.  A  fixed  temperature  imit  (FTU)  for  each 
HAD  in  the  protected  compartment. 

2.  Additional  e;q)an6ion  loops  in  the  tubing 
from  the  HADs.« 


/VENT 


CHECK  VttLVE 


Figure  3-43.— Circle  seal  chepiQpteTr^ 
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^f^^P^'Water  switch  in  the  dry  side  of  ,the 
^  ^       sprinkling  system.  *  -  ~ 

'  4«  A  modified  tyi:^  of  sprinkling  ^^m  main 
control  valve. 


^Mwd  Temperature  Unit 

Thid  design  of  the  fixed  temperature  (second- 
ary) system  used  with  the  automatic  control 
device  .  is  baaed  on  the  same  principles  as  the 
design  of  the  rate-of-rise  system  plus  the  follow- 
ing: 


Figure  3-44.  — Lever  pper^ted  dr^T valve. 


1.  Pressure  can  be  converted  to* mechanical 
energy. 

2.  Heatcanbe  converted  to  mbchanical  energy. 
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ligure  3-45.  — H>dxauhc  and  automaUcthermo-pheuniaticrate-of-rise  and  fixed  temperdUire  control 
systems.for  operating  magazine  sprinkling  control  valves. 


The  fixed  temperature  units  (FTUs)  actuate 
the  clutomatic  control  device  when  the  temperature 
reaches  a^predetermined'^alue.  ^  ^ 

NOTE:  The  temperature  rise  must  be  slow, 
otherwise  the  HAD  unit  will  actuate  the  automatic 
control  device  before  the  FTU  can  function. 

An  FTU  consists  of  a  spring-loaded  cap  held^ 
in  place  by  indium  solder.  (Refer  to  figure 
-  3-46.)  This  solder  is  made  of  a  material  th^it 
melts  at  the  predetermined  maximum  setting  for 
the  protected  compartment.  When  the  PTjJ  cap. 
is  'freed,  the  pressure  in  the  PRP  valve  case 
.  ,  is  released,  causing  the  automatic  cont^dl  device- 
to  actuate.  •        /  • 

.  A  schematic  of  the  automatic  control  for  the 
sprinkling  system  in  figure  3-45 /is  provided  in 
*  figure  3-47..U  is  assumed  that  the  temperature  in 
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Figure  3-46.—  Fixed  te|iperature  unit  (FTU). 
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the  protected  compartment  ri&es  at  a  slow  rate. 
As  the  temperature  rises,  the  HADs  respond  by 
transmitting  the  heat  m  the  form  of  air  pressure 
,to  the  PRP  diaphragm.  Since  the  air  pressure  rise 
18  slow,  it  IS  equalized  withm  the  PRPdiaphragni 
case  by  the  compensatmg  vent,  thus  preventing 
the  PRP  valve  from  being  actuated.  However, 
when  the  temperature  in  the  protected  com- 
partment reaches  the  predetermined  maximuni 
level,  the  FTU  opens  and  vents  the  air  pressure 
built  up  m  the  diaphragm  case,  causing  the  PRP 
valve  to  trip. 

Thermosylphon  Device  (TSD) 

The  latest  control  device  for  an  automatic 
sprinkling  system  combines  the  features  of  a 
HAD  and  an  FTU.  This  device,  known  as  the 
thermosylphon  »heat  sensing  device,  is  used  in 
many  of  the  newest  types  of  sprinkling  systems. 
These  systen»s  include  the  salt  water  actuated 
type  shown  m  figure  3-36,  and  the  wet  type  de- 
scribed earlier  in  this  topic. 


The  t^rmosylphon  heat  sensing  device  con- 
sists o£.  4  "Allows  normally'  enclosed  in  a  mesh 
cage.  Th^l  bellows  are  e?qpanded  and  held  by  *a 
fusible Jii^  gainst  spring  pressure.  The  device, 
shown  \\n:{figaxe  3-48,  automatically  actuates 
a  PRP  y^e  when  there  is  a  rapid  teihperature 
rise  or  \m<Mi  the  fusible  link  melts. 

Wtien  ^rapid  temperature  rise  occurs  in  a 
magazine ^r  ready  service  axea,  the  resultant 
sudden  pressure  increase  in  the  bellows  is 
transmitted  to  the  PRP  valve  causing  it  to 
activate  4hi  sprinkling  system.  Normal  temper- 
ature changes  also  cause  air  in  the  bellows  to 
ejq)and  and  contract.  However,  these*  normal 
pressure  .phanges  are  vented^by  a  small  orifice' 
in  the  PRi|s valve. 

Wlien  the  temperaturfejn  a  magazine  or  ready 
service  a^ea  reaches  a  predetermined  value,  it 
causes  tlfe  fusible  link  to  melt,  releasing  the 
compressed  spring  and  causing  the  bellows  to 
collapse.  As  the  bellows  collapse,  a  pressure  is 
developed  that  ^cUjats^  the  PRP  valve. 
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Figure  3-47.  —Sprinkling  system  automatic  co^lrol  system,,  schematic. 
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Figure  3-48^— Thermo-sylphon  heat  sensing  device. 
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CHECKING  SPRINKLING  SYSTEM 


Once  week  check  for  valve  leakage  in  the 
magazine  sprinkling  system.  This  involves  the 
-sprinkling  control  valve  and  the  drain  line  from 
the  locM  control  panel. 

To  check  the  sprinkling  control  valye,  simply 
/^emove  the  cap  from  the  bottom  cover  of  the  valve, 
if  there  is  no  leakage,  replace  the  cap.  Other** 
wise,  close  the  shutoff  valve  in  the  3/8-inch 
salt  water  control  line  leading  to  the  remo*te 
control  panel,  close  ttie  shutoff  valve  in  -the- 
3-1/2-inch  salt  water  *supply  line,  repair  as 
required,  replace  cap,  and  open  the  shutoff 
valves., 

Vezify  that  there  is  no  leakage  from  the 
drain  line  that  leads  from  the  local  control 
panel  (identified  by  a  "To  Drain'*  plate  at 
bottom-left  of  panel).  To  check  for  leakage,, 
the  adjacent  uniCIn  couj^ling  can  be  unscrewed.' 
If  there  is  any  leakage,  determine  which  valve 
is  leaking  (by  systematically  opening  and  closing 
the  various  shutoff  valves  until  the  leaking  valve 
is  pinpointed).  Close  the  two  main  Shutoff  valves 
as  in  the  preceding  paragraph,  repair  or  replace 
as  required,  and  open  all  the  shutoff  valves. 


TESTING  SPRINKLINt}  SYSTEM 

cJnce.  a  month  (1)  airtest  the  pneumatic  lines 
in  the  sprinkling  system  fur  tightness  and  oper- 
ability  of  the  heat  sensing  devices,  and  (i) 
te&t  the  faprinkling  s^&teni  for  proper  operation 
of  the  valves. 

Once  every  quarter.  (1)  airtest  the  dry  lines 
for  unobstructed  flow  between  the  sprinkling 
control  valve  and  the  sprinkling  heads,  (2)  flush 
the  associated  firemains  for  unobstructed  flow, 
(3)  clean  the  salt  water  strainers,  and  (4)  clean 
the  drain  hple  in  the  •sprinkling  control  valve. 

Airtest  (Tightness) 

'  t 

To  airtest  the  sprinkling  system  monthly 
for  tightness  and  operability  of  the  heat  ^nslng 
devices,  proceed  as  follows:) 

')  i  — 

i  * 

1.  Obtain  the  following  equipment. 

a.  A  test  casting 

b.  A  spanner  wrench 

c.  A  hand  pneumatic  pump 

d.  Either  a  1-1/2-  or  2-1/2-inch  fire  hose 
or  a  test  cap  (2-1/2—7-1/2  N.  H. 
thread)  having  a  petcoclc 
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e.  A  small  container  In ^hich  to  catch 
Sjalt  water 

2.  Using  the  spanner  wrench,  remove  the 
bottom  cover  Of  the  sprinkling  control 
valve*  Then  screw  in  the  test  casting, 
as  shown  in  figure 

3.  (To  ^the  threaded  end  of  the  $est  casting^ 
attach  either  the  fire  hose  or,  if  available, 
the  test  cap*  If  the  fire  hose  is  used,  himg 
its  drain  end  overboard* 

4.  Close  the  normally  Ibcked-open  globe  valve 
in  the  3-1/2-inch  salt  water  supply  main. 

,5#  Connect  pneumatic  hanc^pump  to  air  valve 
on  PRP  valve  (figure*  3-49)  • 

6,  Slowly  pressurize  system  until  a  pressure 
of  at  least  eight  ouncesis  reached* Because 
of  the  slow  passage  of  air  throu^  the 
vents,  some  additional  piHnping  of  air  may 
be  required  before  obtaining  a  balance* 

7«  Stop  pumping  and  hold  pressure  for  five 
minutes*  The  pressure  should  not  drop 
during  this  period— ^ even  the,sli^testdrop 
in  pressure  is  serious,  for  it  indicates  a 
leak  which  may  prevent  the  automatic 
operation  of  the  system  at  time  of  fire* 
If  the  gage  does  not  retain  eigjit  ounces 
of  pressure  for  five  minutes,  first  check 
to  make  sure  that  the  fitting  on  the  hose 
line  for  the  pneumatic  pump  is  not  the  type 


:that  holds  the  air  valve  open,  thereby  per- 
initting  the  pressure  to  escape*  Then  look 
for  a  leak  by  applying  soap  suds  to  the 
fittings  near  the  PRF  valve  (see  Note  be- 
low) and  subsequently  at  the  fittings  near 
the  heat  sensing  devices*  Do  not  use  movable 
jaw  wrench  when  tightening  fittings*  . 
NOTE:  If  the  leak  is  within  PRP  valve, 
replace  this  valve  with  a  new  unit*  Do  not 
open  this  valve  under  any  circumstances* 
Turn  in  defective  valve  to  nearest  Naval 
stocking  activity*  Repeat  airtest  with  re- 
placement valve* 

8*  To  test  the  action  of  the  heat  sensing  de- 
vices, pimch  the  air  valve  fully  open*  The 
sudden  release  of  pressure  in  the  PRP 
valve  case  and  pneumatic  lines  should  trip 
the  sprinkling  control  valve;  accordingly, 
water  will  fiow  into  the  test  casting*  (This 
simulates  the  condition  created  when  the 
Tbellows  of  a  heat  sensing  device  coll^se 
as  thfe  result  of  the  fusible  slug  melting)* 

9.  Wait  about  two  ^nainutes  (see  Note  below), 
and  then  reset  the  tripping  mechaniem  on 
PRP  valve  by  gripping  the  reset  lever  with 
the  reset  key  and  turning  the  lever  to  SET 

' '  (figure  3=-49).  Be  sure  that  the  lever 
latches  at  SET  before  removing  reset  key* 

NOTE:  The  reason  for  the  two-nainutewalt 
is  to  allow  time  for  the  pressure, to  equalize 
on  both  sides  of  tiie  valve  diaphragiq||^Until 
the  pressure  is  .equalized,  ttie  valve  will 
not  latch  at  SET* -If  after  two  minutes  the 
valve  does  not  set,  again  slowly  pressurize 
the  system  as  in  Step  6,  wait  five  minutes, 
and  then  punch  the  air  valve  wide  open*  Again 
wait  two  minutes,  and  then  reset.  If  the 
.  valve  still  fail^  to  reset  (or  will  not  trip  to 
be^n  with),  replace  the  PRP  valve  with  a 
new  unit*  DO  NOT  OPEN  THIS  VALVE 
UNDER  ANY  CIRCUMSTANCES*  Turn  in 
defective  valve  to  nearest  Naval  stocking 
activity*  Airtest  replacement* 

10*  Open  globe  valve  in  the  ,3-1/2-inch  salt 
water  supply  main  lock  open* 

NOTE:  If  the  monthly  operational  check  or 
the  quarterly  flushing  (below)  are  to  be 
performed  fmmediately  following,  do  not 
perform  Step  11  at  this  point*  However,  if 
there  is  to  be  any  time  lapse  between 
conducting  these  tests7  immediately  carry 
out  Step  11  to  keep  the  sprinkling  system 
in  a  functional  condition* 
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11#  IMPORTANT:  Remove  the  fire  hose,  or 
test  cap,  from  the  test  casting  on  the 
sprinkling  control  valve.  Have  a  small 
•  container  available  ^  -catch  salt  water 
trapped  within  test  cSSting,  Then  remove 
test  casting,  check  to^sep  that  there  is  no 
leakage  past  valve  seat,  and  screw  on  the 
bottom  cover  to  the  valve,  using  the  span- 
ner wrench,   -  ' 

Finding  and  Correcting  Leaks  in 
A^tomatic\3ontrol  Systems 

In  recent  repoa:is  froin  ships  in  the.  fleet,, 
.it  has  been  noted  that  technical  assistance  has 
•been  requested  for  magazine  sprinkling  systems 
^^cause  the  automatic  control  system  woxdd  not 
hold  pressure  during  the  monthly  .PMS  test. 
The  only  reason  for  the  automatic  control  sys- 
tem's inability  to  hold  pressure  is  a  leak  in 
stem  component. 

The  "automatic  (thermo-pneumatic)  control 
system  is  a  close.d  system.  Since  the  ^stem's 
operation  depends  on  pressure,  it  must  be  ti^t 
at  all  times.  Any  leak  in  the  system  will  render 
it  inoperative.  The  system's  function  isto  actuate 
the  magazine  sprinkling  sys^tem  in  response  to 
either  a  rapid  rate  of  rise  in  temperature  or  a 
slow  rise  to  a  predetermined  temperature,  A 
detailed  description  of  the  automatic  control 
system  is  presented  in  NAVSHIPS  0348-078- 
1000,  Magazine  Sprinkling  System  Instruction 
Book* 

During  the  monthly  PMS  test,  the  automatic 
control  system's  ti^tness  is  verified  1^  pres- 
surizing it  to  at'  least  8  ounces  per  square  Inch 
and  ensuring  that  it  holds  that  pressure  for  5 
minutes.  If  the  system  does  not  hold  pressure,  it 
must  be  considerjed  inoperative.  Accordingly  the 
leak  or  leaks  must  be  found  and  Corrected  as  soon 
as  possible. 

The  following  is  a  checklist  of  locations  where 
leakage  can  occur.  In  checking  these  locations 
refer  to  figure  3-50,  *  ' 


1#  Schrader  valve,  f 

2.  Transmission  tubing  connections  and  test 
connection  at  the  manifold  on  the  front  of 

.   the  PRP  valve.- 

3.  Pilot  valve  packing  gland. 

4.  Pressure  gage  connection. 

5.  All  Joints  of  nipple  and  tee  connected  to 
rear  of  PRP  valve  pressure  gage, 

6»  Circumferential  joint  where  the  PRP  valve 
dis^)hragm  coTOr  Joins  the  front  plate. 


PACKING^ 
6LAN0NUT 


THREAD 
COHH 

TO 
MANtFOLO 
PLUG 


PIPE  PLUG 


SECTION  AA 


PRESSURE  GAGE 
CONNECTION 

TEST 
CONNECTION 

TRANSMlSSIOjf  LINE  eijCT™  «.* 
CftNMFCTlnM        FRONT  PLATE  OIA-  - 
CONNECTION        ^^^^^  ^^^^  j^,^^ 

MourrriNG  bracket 

NOT  SHOWN 


LOCATION  OF  POSSIBLE  LEAKS  FROM  PRP  VALVE 

.84*351 

Figure  3-50.—  Location  of  possible  leaks 
•    '    from  PRP  valve* 

7,  Circle  seal  check  valve  inlets  and  outlet 
connections  and  by-pass  orifice  plug, 

8,  Any  Joints  or  connection  in  the  transmission 
tubii^g  or  any  area  in  the  transmission 
tubing  where  the  rockbestos  insulation  has 
been  damaged, 

9,  Heat  actuated  devices  (HADs)  and  fixed 
temperature  tmits  (FTUs).. 
Sylphon  type  heat  sensors. 


10. 


Before  checking  any  of  the  heat  sensing  de- 
vicesi  check  the  tightness  ot  all  system 
connections. 

The  wrench  provided  with  the  automatic  contrdl ' 
system  ^tool  kit  should  be  used  to  **snug-up** 
all  fittings.  No  adJustaMe  wrenches  are  to  be  used 
because  they  may  round  off  comers  of  fittings* 
When  **snugging-up**,  use  restraint  to  avoid 
damaging  the  fittings  or  transmission  tubing.  To 
check  tightness  of  the  PRP  valve  packing  gland 
nut,  insert  a  l/l6-inch  blind  punch  (at  a  flat 
an^e)  into  one  of  the  tightening  holes  on  the 
gland  nut  shoulder  and  exert  a  .slight  pressure 
in  a  clockwise  direction.  , 

Extreme  care  must  be  exercised  ip.  ti^tening 
the  gland  nut  to  prevent  overtigphtening  which  may 
cause  the  packing. to  bind  on  the  pilot  valve 
shaft  and  prevent  the  PRP  valve  from  tripping* 
Al^ter  all  .the  connections  have  been  checked, 
repeat  the  tightness  test.  If  the  system  does  not 
hold  pressure,  it  will  be  ne.cessary  to  find  the  ♦ 
leak  by  using  leak  detection  compound,  FSN 
9G-6850-621-1920,  or  a  soap  solution  made  with 
warm  water  and  any  common  hand  soap* 

The  leak  detection  procedure  entails  main- 
taining a  pressure  of  16  to  2Q  ounces  per  square 
inch  in  the  automatic  control  system  liy  using 
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the  hand  pump, '  applying  the  leak  detection  com- 
pound or  soap  solution  to  all  locations  from  which 
leakage  can  occur,  and  watching  for  the  formation 
of  bubbles  which  indicate  the  leak^ 

Finding  leaks  can  be  a  tedious  and  time 
cpnsunang  task.  The  task  must  be  performed  with 
deliberation  because  if  it  is  hastily  done,  a  leak 
may  be  .overlooked  which  mU  necessitate  per- 
forming the  entire  procedure  again. 

The  following  leak  procedures  are  recom- 
mended as  an  aid  to  leak  detection: 

1.  With  the  hand  pump,  maintain  16  to  20 
ounces  per  square  inch  pressure'"in  the 
automatic  control  system  at  all  tim^s  while 
checking  for  leaks. 

2.  If  leak  detection  compound  is  used,  apply 
it  as  directed  on  the  bottle.  If  using  a  soap 
solution,  apply  a  liberal  amount  of  solution 
using  rapid  brush  strokes  to  promote  a  * 
Jieavy  lather.  A  leak  is  shown  by  the 
"continuous  formation  .of  bubbles  in  the 
lather. 

"  3.  Check  the  soimdness  of  the  Schrader  valve 
first.  Pressurize  the  system  to  the  required 
pressure,  and  apply  a  liberal  amount  of 
solution  around  the  Schrader  valve,  and 
quickly  remove  the  hand  pump.  Rapidly 
apply  more  solution  to  the  valve  stem  and  * 
t  'watch  for  bubbles.  A  leak  from  the  Schrader 
'    valve  does  .not  preclude  leakage  from  other 
locations.  The  remainder  of  the  system  can 
be  checked  as  long  as  pressure  is  main- 
tained by  the  hand  pump. 
4.  Always  start  your  search  for  leaks  at  the 
PRP  valve  ^and  *work  outward  to  the  circle 
seal  check' valves,  all  tubing  connections 
and  outward  to  the  heat  sensing  devices. 

When  the  leakhasbeeillocated,  take  immediate 
corrective  action  (except  as  noted  in  the  final 
*  paragraph  of  this  section). 

A  word  of  cautionhere,  however,  about  leakage 
at  threaded  connections.  Never  overti^htenflared 
fittings  on  tiie  PHP*  valve  packing  gland  because 
this  can  cause  the  PHP  valve  to  be  inoperable. 
Teflon  tape  can  be  used  as  a  sealant  on  larger 
threated  connections  such  as  pressure  gage  stem 
on  pipe  plugs;  howQxer,  do  not  use  pipe  dope  on  any 
j^lnt.  Where  JeaMge  from  a  flared  fitting  caxmot 
beS^orrected  by  tightening,  cutting  and  re-flaring 
the  tubing  may  be  necessary  by  using  the  tbols  pro- 
vided in  the  tool  kit  and  fqllowing  the  instructions 
■contained  in  Section  6  of  the  Magazine  Sprinkling 
Instruction  Book. 


Leakage  from  a  Schrader  valve  can  often  be 
corrected  by  replacing  the  valve  stem  (core) 
which  is  merely  threaded  into  tiie  valve.  A  stem 
extractor  tool  or  pair  of  thin  needle  nose  pliers 
can  be  used  to  reiAove  the  old  st^m  and  screw  in 
the  new  one.  Unfortunately,  the  stem  extractor 
tool  and  replacement  valve  stems  Bse  not  carried 
in  the  Navy  Supply  System.  However,  they  cari  be 
purchased  at  any  bicycle  shop  or*  auto  supply  ' 
store.  If  the  tool  and  replacement  stem  are  not* 
available  at  the  time  a  Schrader  valve  leak  is 
detected,  it  is  recommended  that  the  PRP  valve 
be  .replaced  and  the  defective  Schrader  valve  be 
repaired  at  the  earliest  opgortunity.  Repeat  the 
PMS  tightness  test  after  corrective  action  to 
ensure  that  all  leaks  have  been  fotmd. 

In  the  following  inst^ces,  immediate  corr. 
rective  action  cannot  usually  be  effected  due  to 
the     necessity     of   *  obtaining  replacement 
components. 

1.  Leakage  from  bellows  of  a  sylphon  type 
heat  sensor  cannot  be*  repaired,  replacethe 
sheat  sensor.  ^ 

2.  Leakage  from  a  flared  fitting  when  ttiereis 
insufficient  slack  to  permit  cutting  and'  re- 
flaring,  install  new  tubing. 

3.  Leakage'  from  'damaged  transmission 
tubing,  install  new  tubing. 

*  "  fc 

Operational  Test,  New  System 
» 

Test  the  sprinkling  system  monthly  for  proper 
operation  of  all  the  valves.    .  ^ 
Proceed  as  follows: 

~  ^  1,  Obtain  the  foUowing  equipment: 

a.  A  test  casting  '  ' 

.    b.  A  spanner  wrench 
c.  A  hand  pneumatic  pump 
d^  Either  ^  1-1/2-  or  2-1/2-lnch  fire  hose 
/or  a  test  cap. (2-i/2— 7-1/2  N.  H.  tiiread) 
having  a  petcock.  t  > 

e.  A  small  container  in  which  to  catch^alt 
'  water. 

2.  Using  the  spanner  wrench,  remove  the 
bottom  cover  Of  the  sprinkling  control 
vialve.  Then  screw  in  the  test  casting,  as 
shown  in  figure  3-36.  ^  ^ 

3.  To  the  threaded  end*  of  the  test  casting, 
attach  the  fire  hose  afid  hang  Its  .d[rain 

.  end  overtpard. 

4.  Check  the  water  pressure  gages  on  the 
reijdote  control  panel.  Thes^  gages  should 
Indicate  at  least  70  psi  water-  pressure. 
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S»  test  the  PRP  valve  with  the  hand  pneu- 
matic pumpi  Apply  a  pulse,  of.  air  of 
approximately  8  ounces  as  shown  in  figure 
3-49.  This  should  trigger  the  PRP^Jralve 
tripping  mechanic.  K  the  indicator  valve 
rises  to  the  top  of  the  sight  tube  (figure 
,3-36 A),  it  can  be  assumed  that  the  PRP 
valve  is  functional  and  that  the  sprinkling 
control  valve  opens  normally  (shduld  not 
pound  oif  chatter).  If  not,  see  J'Unsched- 
uled  Maintenance  Procedures— ^rvicing 
Sprinkling  System.'  * 

6.  Wait  about  two  minutes  (see  Note  below), 
and  then  reset  the  tripping  mechanism  on 
.PRP  valve  by  grippii^  the  reset  leVer  witti 
the  reset  liey  and  turning  thQ  lever  to 
SET  (figure  3-49).  Be  sure  that  the  lever 
latches  at  SET  position  before* removing 
reset  key.  NOTE:  The  reason  for  the  two- 
minute  wait  is  to  allow  tim^  for  the 
pressure  to  equalize  on  both  sides  •of 
valve  diaphragm.  Until  the  pressure  is 
equalized,  the  valve  will  not  latch  in  the 
SET  l)Osition.  If  afte^  two  minutes  the  valve 
does  not. set,  again, s^ly  an  8-ounce  air 
pulse.  Wait  another  two  minutes,  and  then 
reset.  If  the  valve  still  fails  to  reset  (or 
will  not  trip  to  begin  with),  replace  the 
PRP  valve  with  a  new  unit.  DO  NOT  OPEN 
THIS-  VALVE  UNDER  ANY  CIRCUM- 
SXANCES.  Turn  in  the  defective  valve 
to  the  nearest  Naval  stocking .  activity. 

7.  Turn  the  manual  control  lever  on  ^the 
.  remote  contarpj  p&nel  to  STOP.  The  sfem 

on  thQ  sprinkling  control  valve  should  drop 
below  the  sight  tube,  and  water  should 
drain  through  the  hydraulically  operated 
check  vai^.  If  the  stem  does  not  drop, 
see  '  y  nsct^^faled  Maintenance  Pro- 
cedures^ServiSn^'^ttlttKliM  System.** 

8.  Turn  the^mahual  control  t&ver  on  the 
remote  control  panel  to  AUTO.  Drains^ 
through  the  hydraulically  operated  check 
valve  should  stop.  If  not,  see '  'Unscheduled 
Maintenance  Procedures  —  Servicing  Sprin- 
kling System*''  NOTE:  If  the  test  cap 
rather  than  the  fire  hose  is  attached  to  the 
te^t  casting  on  the  sprinkling  control  Valve; 
before  proceedingtostep9,openthepetcock 
on  the  cap  and  drain  into  container  the 
salt  water  trapped  by  test  castihg.  Close, 
pe'tcock  when  drained. 

9»  Turn  ^e  manual  control  -  lever  on  the 
remote  control  panel  to  START.  If  the 
•indicator  stem  on  the  sprinkling  control 
„  valve  rises  ^to  the  fop  of  the  sight  tube. 


it  can  be  assumed  thkt  the  maniuil  conb^ol 
valve  od  .the  remote  control  j^anel  cpens 
nonnally. 

NOTE:  Before^  proceeding  to  Step  10,  see 
note  under ^Step  8.    ^       *  ^    *  •  ' 

0  10.  Test  the  manual  control  valve  on  the  local 
.  control  panel  in  the  same  manner  as  the 
manual  control  valve  on  the  remote  control 
panel  was  tested'  in  Steps  7,  8,  and  9. 
11.  IMPORTANT  — Remove  the  fire  hose  (or 
test  cap)  from  the  test  casting  on  the 
sprinkling  control  valve.  (In  removing  the 
fire  hose,  have  a  small  container  available 
to  catch  salt  water  trapped  within  the  test 
casting.)  Then  remove  the  test  casting, 
check  to  see  that  there  is  no  leakage 
past  valve  seat,  and  screw  on  bottom 
cover  to  val^,  using  the  spanner  wrench. 

i     '  ,       .  . 

Operational  Test,  Old  System 

i 

To  .conduct  operational  ^tests  under  the  old 
system,  proceed  as  follows:^ 


1.  Obtain  the  following  e^iipment: 

a.  A  wedge  bar 

b.  A  flapper-valve  wrench 

c.  A  spanner  wrench ♦ 

d.  A  budget  in  which  to  catch  salt  water 

e.  A  s^t  of  sound-powered  phones 

f .  Magazine  keys 

2.  Using  the  spanner  wrench,  remove  the 
wedge  bar  cap  (fig.  3-35).  Place  a  bucket 
under  thfe  drain  cock  and  open  the  cock^ 

3.  Close  the  flapper-valve  (disk)  with  the 
flapper- valve  wrench  (fig.  3«35),  and  push 
the^  wedge  ^hind  the  closed  flapper-valve 
(disk).  Make  sure  that  the  flapper-valve 
is  securely  closed  (wedged  by  the  wedge 
bar). 

4.  Instruct  the  man  at  the  remote  control 
sta^on  via  sound-powered  telephone  to  open 
his  group  control  valve  for  the  group 
being  tested. 

5.  When  a  solid  stream  of  water  issues  from 
the  drain  cock,  indicating  that  there  is 
no  obstructiiauin  the  system,  instruct  the 
man  at  the  remote  control  station  to  closf 
the  group  control  valve.         .     .  ^ 

6.  Wlien.  e}l  the,  water  has  drained  from  the 
drain  cock,  remove  the  wedge  bar  and  open 
the  flapper  valvei(diBiq,  and  replace  the 
wedge  bar  cap.    a  v 
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Testing  personnel  mdst  be  sure  to  leave  the 
system  completely  ready  to  function  after  testing. 
An  inspection  of  all  inagazine  areas  should  be 
conducted  several  hours  after  testing  to  ensure 
there'  is  no  leakage  frqm  any  valves.       .  ^ 

In  hydraulic  operated  sprinkler  systems, 
failure  of  the  hydraidically  cperated  control  valve 
may  be  caused  by  low  oil  levels.  Check  the  oil 
level  frequently  and  replenish  when. necessary. 
Be  sure  to  use  the  specified  oil,  and  pour  it 
through 'a  filter  or  200-mesh  wire  screen, 

Airtest  (Unobstructed  Flow)  . 

To  airtest  the  sprinkling  system  quarterly 
for  imobstructed  flow  between  th6  sprinkling 
control  valve  Iwid  the  sprinkling  heads,  proceed 
as  follows: 

> 

,1.  Remove  the  screw  cap  ori  the  bottom  cover 
of  the  sprinkling  control  vsdve,  and  attach 
the  ship  air  supply  line  and  an  air  gage  to 
the  cap. 

Caution:  Be  sure  to  hold  air  pressure  at 
about  5  psi,  because  too  high  a  pressure 
will  unseat  the  valve  and  send  salt  water 
into  the  dry  lirle  and  sprinkler  heads. 

2.  Blow  air  through  the  piping  at  about  5  psi. 

3.  Check  each  of*  the  sprinkling  heads  for  the 
passage  of  air.  If  air  does  not  pass  freely 
through  any  of  the  heads,  replace  and 
retest. 

•  4.  Detach  air  line,  replace  screw  cap,  and 

flush  the  firemain  as'  instructed  below. 

Flushing 

To  flush  the  firemain,  proceed  as  follows: 
^Note:  Perform  pnly  in  areas  where- the  sea  water 
is  clean.  Also,  when  operating.in  tropical  waters, 
flush  firemain  more  often  than  once  every  three 
months. 

"    1.  Obtain  the  following  equipment: 

•  .  a.  A  test  casting  or  wedge  bar  , 

b.  'A  spanner  wrench 

c.  A  1-1/2  or  2-1/2-inch  fife  hpse 

d.  A  small  container  to  cat9h  valve  drain- 
age. 

2.  With  the   spanner  wrench;  remove  the 
flushing  connection  of  the  sprinkling  control 
valve  (fig.  3-35)  for  the  old  system  and  the 
'test  casting  (fig.  3-36)  for  the  new' system. 


3.  Insert  a  \vedge  bar  (old  syiptem)  or  a  test 
.pasting  (new  system).  Attach  a  fire  hosef 
to  the  three^ded  end  of  the  flushing  con- 
nection or  test  casting  and  hang  the  drain 
end  of  the  hose  overboard. 

^.  Open  the  group  control  valve  and  allow  it 
to  stay  open  under  full  firemain  pressure 
until  the  lines  are  clear  of  Qpa  growth 
and  shell  particles.  When  clear  water 
nms  from  the  hose  for  five  minutes  or 
more,  it  can  be  assumed  that  all  lines 
are  clear. 

5.  The  procedures  for  stbpping'and  securing 
the  sprinkling  system  are  the  same  as  those 
followed  when  conducting  operational  tests. 

Checking/Cleaning  Strainers 

After  flushing  firemains,  check  the  four  salt 
water  strainers  that  are  in  the  sprinkling  system. 

Following  are  the  procedures  for  checking 
and  cleaning  a  strainer: 


1.  Shut  off  salt  wkter  supply  by  closing  globe 
valve  adjacent  to'^trainer.  * 

2.  Hold  small  container  beneath  strainer; 
then  remove  strainer  plug,  arid  catch  drain 
water.  ^ 

3.  Remove  sti*ainer  cover  and  screen  basket 
inside J^.  3-51).  ' 

4.  If  screW'basket  appears  dirty,  gently  brush 
it  with  a  wire  brush  to  removd' accumulated 
msfterial.  If  brushing  does  not  clean  screen 

-basket,  treat  according  to  %)iipboard  fJro- 
cedures. 

5.  Replace  basket,  cover,  tod  plug.  When 
replacing. basket,  be  sure  that  its  upper^ 
end  is  properly  seated  in  its  recess  before* 
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Figure  3-SfiL.  —  Strainer  for  sprinkling  system. 
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tightening  retaining  cover.  Also  check  gas- 
ket for  signs  of  deterioration*  Install  new 
gasket  if  necessary. 

6.  When  all  parts  have  been  replaced,  tighten 
plug  and  cover  securely  so  assembly  is 
watertight.  Then  open  adjacent  globe  valve. 

7.  Although  it  is  not  a  part  of  the^trainer,' 
the  drain  hole  also  should  be  cleaned  at 
this  time  to  guard  against  {ftugging  with 
dirt,  scale,  or  other  foreign  matter  (fig. 
3-51). 

Note:  For  information  on  sprinkling  system 
trouble  diagnosis  and  remedies,  refer  to 

kavships  0348-078-1000. 
sprink1ing>alarm  systems 

Several  types  of  wai-ning  device s*or  systems 
are  used  onboard  ships,  and  one  of  them  is  the 
alarm  system  activated  by  the  water  switch  on  the 
dry  side  of  the  sprinkling  system  main  (group) 
control  valves.  The  alai'm  indicates  by  sound  or  * 
by  light  when  the  main  control  valve  is  leaking. 

Another  type  of  alarm  system  used  is  actuated 
by  heat.  The  alarm  sounds  when*  the  temperature 
in  an  ammunition  storage  area  risestothe^danger 
point;  Due  ^to  this  warning,  the  temperature  can 
be  reduced  before  sprinkling  becomes  necessary. 

A  new  alarm  system  now  in  use  is  the  pry-a- 
larm. This  system  functions  according  to  ah 
entirely  different  principle:  The  trigger  of  .the 
pry-a-larm  detector  is  activated  by  minute  par- 
ticles of  combustion.  NOTE:  Formation  .of  com- 
bustion particles  .occurs  in  .dU  types  of  fires 
and  even  in  smoldering  or  overheated  materials. 
The  smvll  combustion  particles  are  invisible, 
but  they  are  usually  present  before  there  is 
any  other  evidence  of  ,a  fire;  the  larger  particles 
are  visible  in  the  form' of  smoke.  However,  most 
of  the  particles  are  too  small  to  be  seen  by  the 
naked  eye. 

The  advantai 
as  follows; 


age 


s  of  the  pry-a-larm  systerfi  are 


3.  The  electrical  circuit  associated  with  the 
pry-a-larm  system  is  a  standard  twQ-wire 
circuit.  Because  of  .the  low  current  used, 
a  thin  walled  conduit  can  be  used. 

4,  Ajny,  faUure  of  wiring  or  of  other  essential 
,    parts  is  immediately  indicated  on  a  trouble 

•  board  ipcated  in  the  dantage  control  central. 

Testing  Alarm  Systems* 

On  a  periodic  basis,  sprinkling  system  alarm- 
circuits  should  be  testeCt:*^These  tests  involve 
checking  the  electrical  contmuity  of  the  switch 
circuits.*^he  leakage  alarm  (\?^ater  switch)  shown 
in  figure  3-52  is  activated  by  water.  When  water 
enters  the  switch  housing,  the  -contacts  of  the 
,  switch  are  shorted  and  the  alarm  is  energized. 
To  test  this  type  of  switch,  proceed  as  follows: 

1.  Notify  all  personnel  concerned  that  a  test 
of  the  alarm-  system  is  being  conducted. 

2.  Obtain  a  bulb-type  battery^iller,  and  a 
small  container  in  whi^<to  catch  water. 

3.  Partly  fill  syringe  with  fresh  water. 

4.  Remove  drain  plug  on  water  switch  (fig. 
3-52)  and  place  syringe  stem  flush  against 
the  'drain  opening.  Slowly  squeeze  the 
syringe  to  force  enough  water  into  switch 
housing  until  the  two  contacts  are  shorted* 
This  will  energize  the  leakage  alarm  lo- 

*  cated  in  the  ships  damage  control  central. 
^5.  When  verification  from  DC  central  has 

been  received  that  the  alarm  system  is 
working. properly,  drain  the  switch  hous- 
ing and  replace  drain  plug. 


•RESISTOR 
CONNECTS  TO  DRY  (5W,700O-^) 
SUPPLY  LINE 

53/  CONTACT  TERMINALS 
UeAOS  ^CONNECT  TO 
BU^HIPS.ALARM 
CIRCUITS)- 


!•  The  early  warning*  provided  by. the  pry-a- 
larm system  often  permits  safe  eVa)3uation 
of  the  endangered  areajtnd  gives  thfe.daniage 
'  control  party  time,  tojight  the  fire  while 
the.  fire  is  still  smSl  and  contrdllable.  , 

2.  The  system  may  be  adjusted  (calibratec^ 
to  ensure  proper  operation,  regar,dless  of 
its  location  onboard  siiip» 


DRAIN  PLUG^ 


\  'CLANO 
\- COVER  NUT- 


'  '  84.331 

Figure  3-52.— St)rinkllng  system  water 
switch  SIZ  2. 
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Moisture  within^  the  switch  housing  can  cause 
the- alarm  .system  to  be  activated.  Ensure  that 
the-  water  switch  (leakage  alarm)  is  conipletely 
dry  Qfter^fefeting. 


AMMUNITION  lUVNDLING  AND  SAFETY 

,The  utmojit  caie  and  prudence  must  be  ex- 
ercised in  supervising  handling,  inspec^ting,  test- 
ing, preparing,  assembling,  and  transporting  all 
^  types  of  aiumumtign.  Men  lend  to  beconie  careless 
and  indifferent  when  continually  engaged  in  work 
^vith  e;q>l05ives  and,  asluiigasiiutlungpccurs,  are 
inclined  to  drift  gradually  into  ne^ecting  the 
necessary  precautions.  Nothing  but  constant 
vigila;>ce^,on  the  part  9f  the  officer^  and  petty 
officers  1^  charge  will  ensure  the  steadf^t 
observance"  of  the  rules  and  regulations  which 
experience  has  taught  to  be  necessary: 

bafety-^&evex>one*5  responsibility  .Awareness 
of  danger,  kngwlcdgeof  how  danger  can  be  avoided,  ^ 
^and*  constant  yig^mv^  ar  e  the  tju-ee  basic  require- 
ments to.  p^eveSt  iiccidents  when  working  with 
^^>j)losiv^&^  If  a  thorougli  understanding  of  the 
basic  ideas -behind  the  precautions  is  3eveloped,  . 
unsafe  conditions  can  be  recognized  ai;id  cor redted 
and  further   Sjuitable  action  can  be  taken  in- 
stinctively when  the  unexpected  occurs.  Safety 
precautions  pertaining  to^  the  handling  of  and 
working  with  explgsives^  niay  be  fotind  in  OP  4, 
Ammunition  Afloat,  OP  1014  Qrdnance  §afety 
Precautions,  Their  Origin  aiid  Necessity;  and  OP  * 
3347  United  States  Ordnance  Safety  Precautions. 

'  Safety  precautions,  rules,  and  regulations  for 
handling  \explbsiyes  should  be  made  the  subject 
of  frequent  ^^view,  and  the'  necessity  for  strict 
compliance  with  tliese*  ^precautions  should  be 
firmly  fixed  in  the  minds  and  habits' of  all  hands 
involved  in  handling  ejcplosives  so  they  will  ^ 
react  in  an  emergency  to  the  instruction  pre- 
viously received.  *  *  1  * 
Attention  is  especially  invited  to  the  fact 
that  in  the  'eariy' Stages  of  the  Use  of  e3q)lo^ives, 
e^qierience'was  gained  at^  great  pTice  — not  pnly  ■ 
ii\  dollars,  but  in  human  li¥#fe.  No  relaxation 
.should  be  tolerated  since  this  tends  to  create  the 
impirefesion  that  the  rules  v^e  arbitrary. 

Handling  anmrnnition  ihould^  be  reduced  to 
the  mininiuni  to  pievisnt  the  occurrence  ctf  leaky 
containers,  damaged  tanks  and  cartridge  'cases, 
loosened  projectiles,  torft  powder  bags,  etc.,  and 
thereby  reduce  the  cjiances  tof  accidents.  The 
number  of  inenailpwedinthe  vicinity  of  e^qjlosives 


should*,  as  far  as  is  practicable  and  *depending 


upon  the  requirements  of  the  operajion,  'be^ 
reduced  to  the  minimum  fpr  properly  performing 
the  work  at  hand.  It  frequent!^  happens  that 
unnecessarily  largQ  working  parties  are  assem- 
bled for  handling  live  ammunition.  Every. effort  *- 
and  known  precaution  has  b^n  taken  to  mate 
, ammunition  safe  fon  handling  luider  all  kndwn 
conditions.  However,  do  not*  assuine  tiiat  BXt 
accident  will  not  happen.  Unnecessarily  sub-  . 
jecting  personnel  to  the  effects  of  any  accident 
is  unwarranted. 

There  is  a  great  amount  of  ammunition  being 
handled  at  the  present  time.  Much  of  this  am- 
munition consists  of  ,new  types  which  require 
precautions  ^d  handling  methods  that  older,' 
well-known  types  of  aniniunition  do  not  require. 
Th^^  new  e^i^sives,  some  pf  wjiich  are  more 
sensitive  and  powerful  tlian  explosives  that  weje  ; 
used  before,  are  now  being  used  extensively. They'' 
are.  not"  so  sensitive,  however,  as  to  be  unsafe 
to  handle  if  the  ^^ety  orders  and  precautions 
are  observed.  Even  the  least  sensitive  e:q)losive 
may  detonate  if  subjected, to  rough  and  improper 
handling.  In  handling  e^qjlosives  in  any  form, 
the  fact  must  be'  borne  in  mind  that  they  axe 
potent  ^d  were  meant  to  e:q)lode.  Also,  it  must 
be  remembered  that  they  are  intended  to  destroy 
the  enemy,  not  our  own  ships  and  forces. 

e^losion  can  result  from  iitiproper  han- 
"dling  of  ammunition.  Ejqplosiohs,  however,  are  nSt  ^ 
the  only   result  of  improper  handling.  Rou^ 
handling  may  damage  anriniunition  to  .such  an*^ 
extent  that  it  will  not  function  as  intended.  Ob- 
vious re^LSOns  for 'avoiding  such  *  damage  ai»>-^ 

1.  A  fighting  ship's  sole'^urpose  is  to  destroy 
^  the  enemy. 

2.  "A  fighting  ship  depends  upon  ammunition 
to  accomplish.its  purpose. 

3.  .  A  fighting  ship  without  ammunitioi;!  cannot 
defend  itself  and  is  a  liability -to  its  own 
forces  in  battle.  •  * 

'  4.  A  fighting  ship?*  having'  ammunition  that 
will  not. function  is  a  fightijig  ship  without 
ammunition. 
6.  the  few  minutes  required  to  remedy,  a 
misfire  or  gun  stoppage  may  be  siifi- 
cienf  time  to  permit  an  enemy  aitcraft 
to  attack  successfully.  ' 

The '  following  ordeirs^  and  precautions  aro, 
excerpts  from^U^  S.  Navy  Regulations  and  NAV- 
ORD  ipahuals:  ./^  ' 

Thk  Commanding  pfficer  shalf  see  thi^  tjie 
officers  and  crew  are  instructed  in  the  safety 
orders  &nd  all  requireniehts  i:ega:cding  the  C£ire,* 
stowage,  handling,  and  examination  of  e:q)losives. 
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inflaiiiriiabiub,  and  fuclb  ub  laid  down  in  Nuv> 
KegulutiQnb  aiid  NAVfeHlJ  iiianaalb.  He  bhuH  be 
responi^l^e  that  all  proper,  necebsar^,  and  piv- 
scribed  precautionb  axe  taken  relative  to  the 
care,  stowage,  handling,  and  inspection  of  ex- 
plosive b,  inflainiiiableb,  and  fuels  on  board  ship. 

The  Weapons  Officer  shall  be  held  responsible 
for  the  efficiency   of  the   ariuaiaent  and  all 
appurtenances  connected  there vvith,  and  for  the. 
cleanliness  and  good  condition  of  all  aniniunition 
stowage,  spaces  and  ordnance  workshops,  and  of 
.all  ordnance  storerooms  not  turned  over  to  the 
supply  officer  .of  the  ship.  In  addition,  the  Weapons 
Officer  shall  niake  or  cause  to  be  made  such 
inspections,  exaniinatigns,  and  tests  thereof  as 
Uiay  be  prescriljed.  He  shall  also  be  responsible 
foi  the  instruciioii  of  the  officers  and  crew  in  the 
btilet>  oiderSy^und  all  regulations  reg^irding  the^ 
cai'e,   blovvage,  ^handling,   and  examination  ^94. 
explobivt'b  ab  iaid  down  by  Navy  Regulations.  IrT 
each  puit  of  the  ship  where  animunition  is  stoied 
01  handled  or,  where  weapons*  appliances  are 
opeiated,  such  safety  orders  as  apply  ^all  Ije 
posted  in  conspicuous  places,  of  eas>  ucfes^, 
and  the  personnel  concerned  ^all  Ije  freqKntly 
and  thoroughly   instruc^^d  ,and  drilled  in^theiu. 

All  peisonnel  in  the  naval  servrce  shall  be 
carefully  and  fiequentl}  instrui;ted  m  the  safety 
precautions,  lJlelhod^'  of  handling,  btowage,  and 


deviceb,  61  with  inloiiitation  concerning  rough 
ku^^,  iniproper  handling,  or  willful  or  accidental 
vfolation  of  the.  safety  precautions,  however 
slight,  shall  ininiCdiatfc^ly  report. such  informa- 
tion to  his  ini"iiC(^iat$i  superior.  Peiisons  found 
guilty  of  wilfuU  violation  of  the  safety  precautions 
and  instructions  rela^iug  to  e;q}losives  or  am- 
munition shall  be  punished;  in  the  case  of  naval 
personnel^  b>  ^appropriate  disciplinary  action^- 
and  in  the  (case  pf  civil  ernployees  un^r  the 
Navy  Depaitnicnt,  by  uiimediate  dJsniissa^ 

The  instructions  pertaining  tc  handling  and 
btowage  of  aoi munition  prescribed  in  this  por- 
tion of  the  text  are  of  a  genacal  nature  only,, 
but  shall  be  strictlj  observed,  whei^  applicable, 
by  all  naval  ^activities  afloat  and  ashore.  It  is 
cMficult  to  ^5Gver  every  possible^mergelK^  which 
arise  and  which,  if  inl^rop&K^^u^M^^ 
have  serious  resultb.  When  carry ir 
these,  instructions,  and  the  safety  precautfl 
contained  in  Nav^TUcgulations,  an  attenipt  she 
tx;  niade  to  grasp  the  ideas  upon  which  tnese 
inbtructions  and  regulations  are  based.  TWls,  if 
incidents  occui  which  are  not  kno\>{n  at  Uie  tune 
of  then  pronmlgation,  the  proper  actioi/ niay  be 
taken  instinctively.  Additional  instru^ions  for 
the  guidance  ^f  naval  amniunition,  inine  depots, 
an(|  shore  magazines  are  contai^d  in  OP  5, 
AmHiunitibn  and  Explosives  Ashore,  More  de- 


uscb  of  all  aiiaiiur.iUuh  witl>  which  the  vessel, 
aiicialt  unit,  or  station  maj  be'  supplied.  All 
persons  must  xlistinctly  ii^^tf^r stand  that  J|aeir'"' 
,  '^bJiletj  as  well  as  the  safety  of  otheis  dqpend 
,  upon  the  intelligence  and  care  exercised  by 
theni^elves  and  b>  their  fellow  workers. 

No  one  shall  be  perniitted  to  undertake  the 
inspeution,  pieparation,   or  adjustnient  gf  li;^ 
aiumunition  until  he  thoioughly  understands  h*^ 
duties  and  the  hazards  involved.. 

New  and  inexi>erienced  personnel  nmst  not  be 
peni*itt^d   to   work  alone,  but  shall  be  under 
.tlirect  and  continual  supervision  of  skilled  and 
cxijerienced  persons* 

Onl>  careful,  icliable,"  nientall>  sound,  and 
physic;ill)  lit  peisons  shall  ije  [jer^niitted  to  work 
with  or  use  explosives  or  aninmnition. 

Peisonnel  engaged'Hn  working  with  explosives 
or  aiiiniunition  shall  be  limited  to' the  a|j^olute^ 
nanimum  number  required. 

Visitor's  and  spectators,  unles^  acconipanled 
by  ^ul  officer  cu  for  training  i^rposes,  s^all 
not  Ix;  puiiiiittcd  in  a  n*agazine,  filling  house, 
nor  'in  the  immediate  vicinity  of  haiidling/or 
loading  oiH^iatioUi*  ui  w.Njjlosives  01  dii*niuyition. 

Anyone  v\ith  inforniation  concerning  defective 
an*juunition,  aiiin*umtion  containers,. or  h«tndling 


tailed  inforniation  will  also  be  found  in  ordnance 
publications,  or  will  be  furnished, by  NAVORD 
upbli  request.  ^  ^     -     -        7  - 

All  p.ersonnel  in  the  naval  service  whose  duty 
it*  nia>  be  to  supervise  or  perfoi'm  work  in 
connection  with  the  inspection,  eare, preparation, 
or  handling  of  explosives  shall  exercise  the  ut- 
niO^t  care  that  all  regulations  and  instructions 
are  rigidl>  observed.  No  relaxation  of  vigilance 
with   resjject  to  handling  will  be  permitted. 

Whenever  anmiunition  or  explosives  are  being 
received,  trartsfejred,  stowed,  or  prepared,  the 
work  should  ^ie  supervised  by  an  officer  who  is 
himself  familiar  with  the  rules  concerning,  the 
care  and  handling  of  explosives,  and^who  sees 
that  all  persons  engaged  are  properly  intpressed 
with  the  necessity  for  exercising  the  greatest 
caie.  As  stated  before,  any  repeated,  familiar 
work,\no  niatter  how  dangerous,  is  likely  to 
becoihe  perfiinctory  and  to  lead  to  carel^snessj  * 
therefore,  safety  in  the  handling  and  in  the 
stowage  of  explosives  euid  ammunitioji  demands 
constant  Vigilance  and  intelligent,  close  super-  ' 
vit^ion  to  prevent  accidents,  r 

When  etiib^king  and  discharging  cuTiitiunition, 
the  par amounP  consideration  *^is  safety  and  re- 
liability; the  receipt,  discharge,  preparation,  and 
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stowing  of  ammunition  and  e^qplosives  shall  ne^er 
be  treated  as-a  conipetitive  evolution  with^ regard 
to  speed  and  method?. 

Whenever  the  g\ps  of  a  vessel  are  fired, 
the  fire  hose  shall  be  connected  and  pressure 
shall^  be  maintained  on  the  fire  main.  This  does 
not  require  water  to  be  running  through  the  hose. 

Exceprt  in  the  case  of  an  emergency,  live 
anununltion  and  e;q)losives  should  not  be  received 
or  discharged  from  the  ship  or  lifter  at  night. 

A  red  flag  shall  be  .prominantly  displayed 
during  daylight  on  a  ship  (usually  attheforetrucl^ 
when  *  ammunition  and  *  e:q)losives  are  being 
received  or  discharged.  A  red  flag  shall  be  flown 
in  the  bow  of  all  boats*  lighters,  and  other  craft, 
and  on-station  rolling  stock  while  loading  and 
transporting  ammunition  and  e:q)losives« 

Uncovered  li^ts,  matches,  flame-producing 
devices,  fires,  and  smoking  shall  not  be  per- 
mitted in  the  vicinity  of  e:qJosed  ammunition  qr . 
e:qplOBives,  nor  in  'or  near  magazines  containing 
e:qplosii^'s. 

Magazines,  lighters,  and  cars  containing  am- 
mimition  or  e^losives  shall  be  kept  securely 
closed*  and  locked  or  guarded,  except  when  re- 
quired :to  be  Qppn  for  ventilation,  cooling,  in- 
spection, or  handling  of  the  contents,  in^which 
tcase  a  responsible  person  must  be  in  charge 
of  the  magazine  or  conveyance. 


Ammimition  or  e^qplosives  for  shipment  ty 
^  cop^nop  carrier  must  be  marked  and  labeled 
In  accordance  with  the  Department  Of  Trans- 
portation regjilations  for  the  transportation  of 
e;q>losives  and  other  dangerous  articles,  or  in 
accordance  with  the  United  States  Coast^|pard. 

As  iar  as  is  practicable,  e^qplosives  and 
ammunitfon  offered  for  shipment  by  a  common 
carrier  ^hall  also  be  packed  to  comply  with  the 
foregoing  regulations,  Uthou^  these  regulations 
state-thiat:  -  - 
•^Shipment  of^  e:q)loi^ves  offered  by  the  Army 
and  Navy  Departments  of  the  United  States 
Government  may  be  packed,  including  jlimlta- 
tions  of  weight,  afi  requiredby  their  regulations-.'' 
Copies  of  these  regulations,  with  specifica- 
tions, for  shipping  Cqntainers,  will  be  foimd  at 
all  naval  stations,  amraunition  ddpots,  and  usually 
In  all  freight  offices. 

A  permanenv  record  shall  be  kepf  naval 
activities  of  the  car  numbers  of  common  carriers 
and.  the  names  of  vessiels  loaded  with  e:qplosives 
or  ammunition. 

The  shipment  by  mail  of  e:q)losives  or  am- 
Otnunitiop  in  any  form  iS  forbidden.  ^  . 

Prior  'to  taking  ammimition  and  e:q)losives 
alfe.ard  from  a  lifter,  boat,  truck,  or  car,  or 


before  a  conveyance  which  has  been  loaded 
leaves  the  shipper^  an  inspection  shall  be  made 
of  its  condition  and  security,  and  the  contents 
of  the  conveyance  shall  be  checked  against  the 
invoiced  quantities.  A  report  of  shortages,  errors, 
defe'bts,  and  discrepancies  shall  be  made. 

Ships  and  shore  stations recisiving  ammunition 
in  lealq^  containers  or  showing  evidence  of  rough 
or  improper  handling  shall  at  once  fully  investi- 
gate the  circumstances  leading  to  this  situation 
and  submit  a  complete  report  to  the  Na^val 
Ordnance  Systems  Command. 

Lighters,  boats,  trucks,  and  railroad  cars 
containing  ammunition  or  e:q)losives  shall  not 
be  allowed  to  remain  Icfttded  any  longer  than  is 
necessary.  Such  conveyances  shall  be  guarded, 
and,  as  far  as  is  practicable,  isolated  from^ 
private  property  in  accordance  with  the  station, 
port,  municipal.  Department  df  Transportation 
or  other  applicable  regulations. 

After  unloading  every  conveyance  shall  be 
swept  clean  of  loose  e:q)losive0,  ammimi^on, 
and  dangerous  refuse.  This  material  must  be 
destroyed  or  disposed  of  in  a  safe  apd  proper 
manner. 

If-«u:tificial  ligl\t  is  needed  for  the  examination 
or  handling  'of  ammunition  or  explosives,  only 
carefully  placed  ejlectric  floodlights,  approved 
-magazine— lant^mSf-or-flashlig^ts  ^ilt-be-Aised. 


Every  precaution  shall  be  taken  to  prevent 
ammunition  or  e:q)losives  frona  falling  into  un- 
authorized hands  or  Jrom  being  stolen*  Attention 
is  invited  to  the  fact  that  many  state  laws  make 
it  a  felony  for  an  Individual  to  possess  ammuni-, 
ti<Jn  or^  e:qplosives  without  proper  authority. 

Amniimition  and  ejqplosive  containers  shall 
not  be  tumbled,*  dragged,  thrown,  or  dropped  on 
each  other,  or  on  the  floor  or  deck.  Bale  hooks 
shall  never  be  used  on  containers. 

Projectiles  should  not  be  rolled^  but  should 
be  hancQed  by  trucks,  projectile  tongs,  and  slings, 
whenever  possible.  When  such  methods  are  not 
fesisible,  sufficient  dunnage  shall  be  laid  down 
and  projectiles  shal|^  rolled  ^  hand  and  not  be 
allowed  to  bump  into  each  other,  harming  fusqes, 
damaging  or  loosening  windshield  caps,  tracers, 
fuzes,  bourrelet^,  rotating  bands,  ^d  identifi- 
cation markings.        '  .  ' 

Ammimition,  e:q)losive  containers,  and  pro-* 
jectiles  mjist  be  hoisted  and  lowered  slowly, 
and  landed  gently  on  a  cus^on  d  mats  or  old 
mattrtoses  in  order  to  prevent  damage,^  leal^, 
and  the  lOpsening  of  windshields  and  capq  on 
projectiles,  etc.  ^mplef,time  shoidd  be  allowed 
for  proper  removal  after  the  l^fi^ng  of  a  hoist. 
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Slides  may  be  used  foi  coiupuiatlvely  sniall 
or  light  containers  capable  of.  being  readily 
handled  by  hand,  provided: 

1.  That  there  is  no  drop  at  the  end  of  the 
slide. 

2.  That  containers  are  handled  slowly  enough 
and  with  sufficient  care  to  permit  steady- 
ing near  tte  end  of  the  slide  and  to  all<^ 
renjoval  \^hout  danger  of  striking  othe 

*  containers.  ' 

3.  That  ithick  cushions  of  n^ats  or  old  niat 
tresses  are  placed  at  The  dischaige  end 
of  the  slide.  • 


» Heavy  containers  may  be  discharged  or  loaded 
by  means  of  slides,  provided  that  restraining 
lines  are  used  to  ease  theni  down,  and  that  the 
requireipeots  as  to  the  height  of  the  discharge 
end  and  use  of  cushioning  niats  specified  in  the 
preceding  paragraphs  are  met. 

Barrels,  druniS,  or  kegs  containing  explosives 
and  antniunition  containeis  shall  never  be  rolled, 
but  shall  be  carried  b}>  hand  oi  transported  pn 
trucks.    « * 

Care   shall  be  t^ken  not  to  obliterate  or 
#ieface  markings,  labels,  and  tags  on  containers 
of  ammunition  or  explosives.  Inspect  to  see  that 
the  markings  are  intact.  ^  

Proper  facilities  shall  be  eniployed  for  the 
handling  of  an^mu/iition  and  explosives.  Where 
proper  and  aniple  means  aie  not  available,  ships 
and  stations  shall  iniproviso  or  take  the  necessary 
steps  to  obtain  all  necessaiy  equipnient  for  the 
safe   handling  of  e^^losives  and  aninionition. 

Blocks,  lines,  nets,  shackles,  slings,  and  pro- 
jectile tongs  or  carrieis,  hooks,  wmches^hoists, 
conveyers,  etc.,  ntust  be  frequently  exaiiiined  and 
repaired  or-  replaced,. as  necessary,  to  ensure 
"freedom  fronj  possible  failure  with  the  resulting 
danger  of  an  accident*^  Brakes  and  pontr oilers 
of  hoisting  njOtors  shall  be  in  efficient  operatihg 
cotiditions,  and  hoisting  speeds  shall  be  so  regu- 
lated that  there  will  be  no-  danger  of  jams, or 
partings  of  ^ines.^Suffioient  tiain^d  personnel 
must  be  stationed  ror  t|;ie  safe  operation  of  all 
hoists.  ^, 

Any  ammunition  or*  explpsive  containers  re- 
ceived or  found  in  a  daniaged condition,  or  dcuiiaged 
or  dropped  in  handling,  shall  be  returned  to  an 
ammunition  depo^  or  toother  sources  of  suiiniu^ir 
tion  supply,  for  forwarding  to  a  depot.  Powder 
tanks  are  so  constructed  that  they  will  remain 
airtight  only  as  long  as  the  gaskets  hold* 

Care  must  be  taken  in  handling  pbwjier  tanks 
not  to  dent  the  body,  open  the  se^s,  or  loosen 


the  top  or  bpttoni  rings  or  covers  which  will  per- 
iiiit  exposure  of  the  powder  to  the  atmosphere. 
Perioduj-inspecUons  must  be  made  to  ensure  that 
tanks  hav?  not  been  improperly  handled  or  stowed.^ 
In  handling  powder  taAs,  dents  are  frequently 
caused  by  the  use  of  cargo  nets,  by  rolling  the 
tanks^  along  decksk,  and  over  obstructions,  by, 
allowing  the  bodies  or  rings  to  strike  projectipns 
when  hoisting  or  lowering,  or  by  dropping  them. 
\^en  powder  tanks  are  opened  for  inspection, 
the  gaskets  and  general  airtight  condition  of  the 
ank  should  be  observed.  It  is  impossible  to  give 
standard  method  fbr  handling  powder  tanks,  but, 
general,  they  should  b^  hoisted  andlowre^d^ 
with  c^re,  carried  along  decks  by  h^d,  or  trans- 
ported by  truck.' 

Some  exaniples  of  the  careless  Jitodling  of 
powder  tanks  follow.  A  vessel  turned  in  her 
service  allowance,  of  ammunition  to  a  depot  for 
overhaul.  While  the  powder  VAs  aboard  the  ship, 
the  reports  of  surveillance*  tests  gave  60  days 
and  the  same  index  ashore  gave  50  dayS^  showing 
that  the  powder  was,  apparently,  entirely  satis- 
factory for  continued  use  afloat  for  a  number  of 
years.  However,  durjng^the  overhaul,  a  number 
of  le^Hy  tanks  were  discdvered  and  the  tests  on 
the  powder  taken  from  'them  gave  a  less  than 
^six-day  „surveiljjmce  test^^Car^es 
part  of  the  personnel  rented  in  the  unsatisfactory 
condition  of  .these  tanks.  IVIany  instarices  are  on 
file  in  NAVORD  where 'sister  ships  Jmve  turne.d  in 
their  .servfce  allowances  fdr  overhaul,  one  re- 
quiring practically  no  repairs  and  the  other  re- 
quiring irio^t  extensive  repairs  and  replacement 
material.  The  investigation  into  the  ^oor  condition 
of  one  ship's  outfit  disclosed  theTfact  that  the' 
powder  tanks  had  been  transferredirom  ship  to 
lighter  by  dumping  them  do\vn  a  cfiute.  The  mly 
e;q)lanation  for  such  utter  disregE&d  of  fexislfcg 
instructions  can  be  found  in  the  ifailure  of  the 
personnel  to  appreciate  the  si^ficance  of  their 
carelessness.  ,    ' .  : 

There,  are  ottier  ser^s  co|iditioris  which, 
arise  from  leaky  powdeyj^TPQWder  in  lealqr  con- 
tainers will  not  only /give- ^^ff&rent  ballistic 
results  from  those  detelminedm  but  will 

give  erratic  results,  to  the'^^^rousjnconvenienoe 
of  fire  control.  The  serious  nocture  of  per- 
.  mitting  ^ammunition  tp  deteriora%  so  thajt  it 
becomes  not  only  ineffective  T^lT c^gero'us  and 
.erratic  In  battle  should  be  obvious  to  every 
person/ Who  participates  in  tfi^^le^work  nee- 
essai5J  produci  the  correct ^rini^^^'or  in  battiai 
namely,  ^'hits  per  gun  per  minute.** 


Chapter  3--.  AMMUNITION  AND  MAGAZINES 


Smokeless  powder  in  leak>  jcontainers  shall 
be  landed  for  replacement  at  the  earliest  prac- 
ticable moment  aftejXirs<.0Yer;^,.  unless  a  sur- 
veillance test  sh^)ffsii  to  be  in  nornial  condition, 
and  that  the  cprftainer  can  be  repaired. 

When  ammunition  is  being  embarked  or  dis- 
charged from  a  ship,  a  cargo  net  should  be 
rigged  between  the  ship  and  dock,  or  conveyance, 
to  catch  any  ammumtion  that  nia>  be  dropped. 
The  cargo  net  should  be  covered  with  a  tarpaulin 
if  the  pieces  being  handled  are  small  enough 
to  pass  through  the  mesh  of  the  ^£u:go  net.  Cargo 
nets  alone  should  not  be  used  for  transferring 
empty  or  filled  tanks  or  othqr  aniniunition  con- 
tainers likely  to  be  damaged.  4^  hoisting  and 
lowering  amn*umtion  oontaineifa  »vith  oaigo  nets, 
a  rigid  wooden  platform  or  base  should  be 
fitted  in  *llie  net  upon  which  the  containers  can 
be  placed,  stacked,  ^or  piled  upoi?  their  stowage 
rings  in  such  a  ni£uiner  as  to  prevent  shifting 
and  bumping  each  other,  or  exerting  pressure 
upon  their  sides.  . 

,  The  wooden  platforni  (or  base)  shall  be  niajie 
of  good  solid  wood,  stron^enough  tob^ar  the  load 
with  a  wide  margin  of  safety,  ad<i  sufficienUy 
rigid  so  as  not  to  bend  under  the  load.  It  may 
be  made  rigid  by  the  addition  of. heavy  beading 
around  the  edges  of  the  upper  sidfc.  This  beading 
_^serye_s_a  second  useful^urjgose  by  preventing  the 
containers  or  pieces  fron^  sliding  off  the  platform, 
and  by  holding  tanks  in  place  so  that  they  reniSin 
stacked. 

The  platforift  must  be  of  a  width  greater  than 
tl^  length  of  the  cartridge  or  powder  tank,  if 
the  tanks  are  to  be  stacked,  so  that  the  weight 
of  the  tanks  will'be  borne  by  the  stacking  rings, 
it  may  be  squared  of  circular  in  Shape  and  shpuld 
not  be  ^  of  •  such  width  or  diameter  that  the  net 
will  not  extend  well  arounffthe  load  to  be  hoisted. 
For  general  use,  the  square  platform  ispreferred. 

The  advantages  of  using«ia  SquarQ-type  plat- 
form lie  in 'the  fact  that  it  niay  be  used  with  niost 
*types  of  ammunition  that  can  be  handled  by  hand. 
Cartridge  or  powder  tanks  n^ay  be  stacked  so  that 
they,  interlock  and  the  weight  is  borne  by  the 
stowage  rings.  Or  projectiles  niay  be  laid  on 
their  sides;  the  beading  serves  at*  a  check  for  the 
stacks  and  prevents  the  load  from  sliding  off  the 
platform.  There  are,  however,  sonie  disadvan- 
tages in  using  the  square-type  p^iferm.  It  is 
'  cumbersome  and  difficult  to  hanme  and  has 
comers  which -may  protrude  through  ^he  net  and 
hang  up  on  obstinictions.  The  sides  of  the  net  will 
not  extend  up  far  enough  to  conipletely  cover  411 
higK  loads. 
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The  square-type  platform  shall  be  placed  as 
near  the  center  of  the  net  as  is  practicable, 
with  the  sides  of  the  platform  diagonal  to  the 
sides  of  the  net.  This  will  cause  the  load, to 
land  level  when  suspended  and  permit  the  corners 
of  the  net  to  be  pulled  well  up  the  side  of  the 
load.  Loads  that  are  not  interlocked  shall  never 
be  stacked  so  high  that  the  bottom  of  the  top 
layer  is  higher  than  the  lowest  part  of  th^  sides 
of  the  net. 

The  net  shall  be  lined  with  canvas  if  the 
pieces  handled  are  small  enou^  to  pa&s  through 
the  mesh  of  thfe  net. 

The  projectiles  shall  be  alternately  placed 
on  the  platform  to  provide  axi  even  stowage,  and 
placed  so  thatthe  noses  andthe  bases  are  together. 
This  is  important  in  order  to  prevent  the  point 
of  a  projectile  froni  pMSibly  striking  the  tracer 
m  the  other  projectile,  v^th  the  subsequent  danger 
of  ^igniting  the  tracer.  Particular  care  shall,  be 
taken  to  prevent  the  projectiles'  from  rolling  or 
shifting.  the  platform  is  not  completely  loaded, 
the  pirojectiles  should  be  placed  so  as  to  balfuice 
the  load. 

Although  the  square-type  platform  is  pre- 
ferred, the  circular-type  (pie  plate)  may  be  used 
in  car^  nets  when  transferring  anrimunition  or 
empty  containers.  The  advantages  of  the  circular 
platform  lie  in  its  ease  of  handing,  and  m^he^ 
fact  that  it  has  no  comers  to  protrude  throu^ 
the  net  to  catch  obstructions.  Also,  its  shape 
permits  ,the  'forming  of  the  net  around  the  entire 
load  When  hoisted.,.  As  in  the  use  of  the  square 
platform  there  are  disadvantages  in  using  the 
circular  platform*  It  is  not  normally  used  with 
projectiles  or  cartridge  tanks,  because  the  cargo 
must  be  stood  on  end  which,  increases  the  likeli- 
hood of  its  toppling  or  sliding  if  the  load  is  tilted. 

In-  using  the  circular-type  wooden  platform, 
place  it  as  near  the  exact  center  of  the  net  as* 
is  practicable,  so  that  the  load  will  hang  level 
when  suspended.  A  canvas  lining  should  be  used 
ih  the  net  if  the  pieces  being  handlecha^e  small 
enough  to  pass  through  the  mesh  of  the'  net. 

If  powder  cartridge  tanks  or  projectiles  are 
to  be  loaded  in  sufficient  number  on  a  platform,* 
it  will  be  necessary  to  stand  theni  on  end.  Some 
means  niust  be  taken  to  prevent  theii  ^toppling 
over.  This  may  be  done  by  la&hings,  or  by 
.placing  a  second  cargo  net  down  on  top  of  the 
load.  \V4ien  a  second  net  is  used  with  pjrojectiles,* 
push  it  dov(n  to  force  the  projectile  noses  up 
through  the  net. 

Ammanition  and  empty  containers  inpsdletized 
unit  loads  may  be  transferred  in  cargo,  nets 
without  the  use  of  a  platform.  The  tunit^oad 
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or  pallet  shall  be  placed  as  bear  the  center  of 
the  net  as  is  practicable  and  with  the  side?  of 
the  pallet  diagonal  to  the  sides  ti^  the  net. 

tA  modified  salmon  board  may  be  used  in 
transferring  ammumtion  and  empty  containers. 
Rope  slings  .are  provided  to  pull  the  netting 
up  around  the  load.  When  loaded  with  cases,  the 
spreader  bars  will  act  as  clamps^to  hold  the 
load  solidly  in  place.  The  platform  must  be 
wide  enough  to  permit  stacking  the  tanks  so  that 
the  weight  will  be  borne  by  the  stowing  rings. 

When  ammxmition  is  handled  with, wire  nets, 
heavy  canvas  should  be  used  in  the  net  to 
prevent  sparks  and  to  protect  the  paint  and 
markings^  Use  sonie  means  to  keep  the  pro- 
jectiles from  being  damagecl  by  their  being 
crushed  together  whe'n  hoisted* 

if  the  projectiles  have  windshields  and/or 
caps,  special  care  must  be  taken  to  prevent 
their  being  loosened  or  damaged  in  any  way* 

In  the  case  of  emergency,  where  a  platform 
is  not  available  and  the  use  of  cargo  nets  in 
transferring  tanks  is  necessary,  a  suitable  sub- 
stitute for  a  platform  may  be  made  by  using 
four  lengths  of  heavy  timber  to  form  a  frame 
of  ^  such  width  as  to  permit  stacking  the  tanks 
properly,  with  the  ends  of  the  tajiks  i;es|ing  on 
two  of  the  sides  of  the  frame.  In  the  event  that 
thiS  'is-not  possible,  take  action  to  prevent 
dam^  tp  the  tanks,  and  line  the  net  with  a 
heavy  taqiawlinJtp  pr^vent  the  .^A^i^tiie  tanks 
from  becommg  entangled  in  the  mesh  of  the  net. 
A  heavy  'Siat  placed  iYi  the  net  will  lessen  the 
tendeifcg^  of  the  net  to  squeeze  the  load. 

When  cargo  n^ts,  without  platfqrjns,  are 
used  m  transferring  projectiles  apd  6-inch), 
they  should  be  of  tHe  close-mesh  .type  and 
heavy  tarpaulin  placed  in^  them  to^prevent  the 
projectiles  from  being  forced  out  through  the 
mesh.  The  projectiles  should  be  stacked  pn  their 
sides  m  single  tier  in  the  .center  of  the  net.  If 
more  than  pne  tier  is  used,  they  will  be  crushed 
♦together  in  the  qpnter  when  the  lo^d  is  lifted. 
The  maximum  load  handled  in  a  rope  cargo  net 
should  not  exceed  2400  pounds.  .  - 

The  following  specifications  for  an  airimujiLn^ 
tion  chute,  or.  slide,  are  taken  fromU,  S.  Cofi^ 
Guard  Regulations: 

Chutes  for  loading  and  unloading  e;q)losiyes 
shall  oe  constructed  of  smooth,  planed,  boards, 
not  less  than  one  inch  thick,  with  side  guards 
of  the  same  material  four'inches  high.  Assembly 
shall  be  made  with  brass  screws  onl>.  D-shaped 
wooden  strips  or  runners  not  tnore  than  six 
inches  apart,  running  lengthwise  .on  the  chute^ 
shall  be  fastened  to  the  upper  surface  of  the 


slide  by  means  of  glue  and  wooden  dowels  ex- 
tended "through  the .  bottom  of  the  chute*  No 
^metalic  fasteners  used  '  in  *  constructio'h  shall 
protrude  above  or  beyond  the  inner  face  of  the* 
chute.  Four  lashing  rings  shall  be  provided,  one 
at  each  comer  of  the  chute,  for  the  purposes 
of  securing  during  use* 

The  strips  on  the  surface  of  the  slide  serve 
to  reduce  friction  and  to  keep  cartridge  tanks 
and  similar  pieces  ift  the  center.  The  slide  will 
have  a  tendency  to.cr^ep  when  in  use,  due  to 
the  weight  of  thevammunition  and  the  movement 
of  the  ship;  consequently,  it  should  be  well 
secured  to  prevent  its  being  upset  or  dropping 
off  the  side. 

If  cargo  mats  or  old  mattresses  are  not 
available  for  dunnage,  some  substitute  must  be 
used,  such  aS  folded  cargo  nets,  folded  tarpaulins, 
or  liawser  or  line,  flemished  or  faked  down, 
^l^eyer  sUde  projectiles  down  a  slide  nose- 
first,  unless'^ a  restraining  line  is  used.  The  base 
of  the  projectile  should  be  toward  tlie  lower  end 
of  the  slide.  Ammunition  containers  that' have  a 
removable  lid  should,  if  possible,  be  handled  with 
the  lid  toward  the  high  end  of  the  slide. , 

Eyebolts  are  available  in  two  sizes,  a  larger 
size  for  use  With  16-*inch*^  projectiles,  and  a 
smalls  size  for  use  with'  eight-inch  projectiles. 

The  eyebolts  f^  into  socket  holes  in  the  base 
\  plug  of  projectiles,  two  holes  being  provided  in 
jnajor  caliber  projectiles. 

'  EyeboUs  are  used  'in  supplying  projectiles  to" 
the  gunsinsome  turrets  and  used  in  the  ernergency 
supply  of  projectiles  to  eight-inch  turrets.  They 
may  be.  used  in  ioacjing  projectiles  if  projectile 
carriers  are  not  available  for  use*  However,  the 
eyebolts  should  not  be  used  if  carriers  are, 

,  'avail|Lble  because  of  the  difficulty  in  kmding  the 
projectiles  without  daniaging  windshields  and 
cap's.      ^     ,  ^         -  ' 

*  "The  greatest  care  must  be  exercised  in 
handling  loaded  and  fuzed  projectiles.  A  loadSd 
and  fuzed  projectile  which  lias  been  dropped  from 
a  height  exceeding  five  feet  must  set  aside  and 
turned  in  to  an  ammunition  depot!  Such  a  pro- 
jectile must  be  Clearly  marked  tQ  show  its  con-- 
dition  and  must  be  htodled  with  thd  greatest  care. 
Upon  receipt  .at  a  -naval  ammumtion  depot,  it 
miSt  be  defuzed.and  the  fuze  scrapped.  Fuzes  ^ 
aj:e  designed  and  manuflactured  so. that  a  fuzed 
projectile  m^y  be  ^opped*withouf  causing  a  fuz^ 

'  to  function,  but  additional  drops  or, the  shock  of 
firing  m.a>  cause  a  fuze  action.  Rotating  bands  on 

t  projfectile&  for  Separated  ammiinition  have  non** 

^  f  f  inging  lips  which  are^asily  damaged.  Particular 

^,  care  is  required  to  prevent  damage  to  the  band* 


Chapter  3~ AMMUNITldN  AND  MAGAZINES 


the  t>tand£(»rci  projectile  cairier  should  be  used 
at  all  times  on  projectiles  of  calibers  larger  than 
eight  inches,  unless  uniergencies  arise  which 
justify  the  risk  using  iniprovised^slings. Carriers 
^ire  provided  for  projectiles  of  €*'/47(andlarger) 
caliber. 

Extreme  care  ihust  );e.tai^ii  m  handling  pro- 
^  jectiles  fitted  with  caps  wd/oi  windshields  ta 
prevent  loosening  the  cap  or  windshield.  'The 
caps  and  windshields  shall  be  protected  from 
jolts  and  stress  when  being  handled  n^anually 
or  with  handling  devices.  Slings  which  support 
a  part  of  the  weight  of  the  piujectile  on  Ihv  x.iip 
or  windshield  should  not  be  used. 

A  skip  box  (cargo  box)  is  an  ideal  device  for 
handling  aitimunition  that  is  light  enough  to  be 
handled  b>  hafid.  U  furnishes  con*plete  protection 
fronri  stresses  or  crushing  effect  when  properly 
loaded.  In  loading  the  skip  box,  the  load  iiiu^t  not 
be  piled  highei  than  the  sides  or  pieces'  may 
slide  off  ur  be  subjected  to  pressure  by  the  shngs. 
Navy  yard  ^ip  boxes'are  usifally  available  for 
use  when4oading  anin.unition  while  moored  to  a 
Navy  yard  dock.  * 

u  If  the  box  is  not  con*pletely  filled  v^ith  prjO- 
JeoUles  or  containers,  the  load, shall  be  placed 
in  u^^box  3j>^at  it  is  evenly  balanced  and  pre- 
cautioxfenTTuSt  be  -taken  to  prevent  the  projectiles^ 
*from  shifting  or  tuii*bhng.  The  hook  points  of  the 
sling  on  the  skip  boxsHbuldbeoutboaid  to  prevent 
their  •disengaging  when  the  sling  is ,  slacked. ' 

Fuzes  that  are  not  permitted  to  be  stowed  in 
assenibled  bombs  or  other  types  of  animunition 
must  ]je  wellreHiOvedfroni  high  explosives.  Fuses' 
are  dangerous  ,to  handle,  assemble,  and  'dis- 
assenilJfe;  un£>killed  personnel  nmst  neve^  under- 
take such  work.      ,  ^    \"  '* 

Detonators  are  sensitive  to  shock,  tlangerous 
to  handle,  and  require  special  stowage  spaces. 
Detonators  requiring  separate  stowage  riiust  be 
well  renioved  from  all  high  e:q)losive  stowages. 

When  detonators  or  blasting cups{bothelectriC 
and  nonelectric)  are  received  in  a  shipnient  for 
.  stowage  aboard  ship,  carry  them  aboard  by  hand 
and  place  theni  in  thvii  assigned  stowage  space 
prior  to  removal  of  the  balance  of,  amiliunition 
from  the  lightei:,  truck,  or  other  conve^jance  used. 
^  Thp^  xriu^t  not  be  placed  in  a  cargo  net  or  sling 
Icmd  of  ammunition.     •  - 


If  the  quantity  of  detonators  is  so  large  *a3* 
to  niake  transfer  by  hand  impractical,  load  therii 
on  a  skip  box  or  some  other  similar  contrivaftce 
that  v^illrt  assure  protection  from  piMshing' and 
dama^.  Cargo. nets  alone,  or  any  similar  con- 
trivance without  platforms  to  prevent  crushing, 
jiiust  ne.Vjer  be  used.  Coast  Guard  regulations 
liniit  the  weight  of  any  one  hoistloadof  detonatcis 
to  lOOO'pounds.  Detonators  shaaldneyer  be  trans- 
ferred by  nijsans  of  a  slide.  ^ 

Detonators  should  be  transportejii  if  pracr 
ticable,  in  a,  conveyance  that  does  not' contain 
other  types  of  animunition  e;q)losives.  If  this  is 
not  pracTicable,  the'  detonators  should  be  at  least 
10  feet  from  other  live  aniipunitionor  e;q)losives. 
If  the  distanpe  is  less  thaij  10  feet,  a  barrier 
of  two-inch  plaiiks  on  four-by -six  frsuiang  shall 
be  .interposed  Between  then*,  and  bags  of  sand 
piled  around  the  detonators,  if  ECvallable?.  If  the 
load  includes  inert  niaterial  such  as  bonibs  tails, 
depth  charge  pistols  (except  the  Mk  7-1  and 
extenders),  or  other  less  hazardous  t>pvs  of 
Eunmunition  i.e.,  snidU  arni€>  without  exjjlosivc 
bullets  or  pyrotechnics,  this  iuateriai  may  be 
placed  between  the  detonators  and  the  high  ex- 
plosives or  munitions  containing  high  explosives. 

In  peacetime,  fuzes  or  detonators  .mu^t  not 
be  placed  witii  a  shipment,  loadr  or  IoiX)f  Bon*b^ 
type  ammunition  or  other  high e;q)losive  material, 
but  must  be  forwarded  in  a  separate  shipnient.. 
In  wartime,  howe^r,  detonatci  &  >uij  |^  ^shapperti 
in  the  same  car  or.tru».K  as  boostersyi^wai heads 
provided  dertain  prc^autiuas,  *Ittld*dowi»  by 
the  Interstate  Co;iiii»tiv-e  Cori/iiissioni  are  ob- 
,  served.  '~  ' '  ( "  .  •  ' 

The  purpose  of  the  section  on  aniirnuution 
handUng  and  ^safety  ils  to  point  out  :some  of  the 
more  important  regulation,  safetj  ordej:s,  and 
precautions  observed  in  handling  pmmumtion. 
Current  safety  iilstructions  issued  by  NAVQRD 
SY^OM  and  Inited  ot«tcto  Rcj^iabons 
reflect  all  the  current  safety  rc^ulot^tons  ne^c- 
essary  and  prescri^jed  for  all  t^pcJ'  oi  aiutuoni*  , 
tion  and  e;q)lo§ives.  Jt  is  the  bllitj,  kA 

all  personnel  ih  the  GMC/rating  to  be  up-to-date 
on  all  safety  precautions  related  to  iiandling, 
stowage,  and  uge  of  all  types  of  ammunition 
associa^^ with  the  vessel  or  station  to  which  he 
is^assigned.      ,  ^    *  ' 


ERIC  -  ■  J  .  *,  - 
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CH'APTER  4 

SMALL  ARMS  AND  MACHINEGUNS 


Strictly  defined,  the^  term  ''small  arnis" 
means  any  firearm  cal.  .60  inch  or.  smaller. 
As  far  as  you  axe  concerned  (there  are  no  .60 
cal.  \%eapons  in  the  Navy)  this  nicans  that  all' 
weap<?ns  from  the  .^2  cal.  pistol  up  through  the 
.50  cal.  machinegun are  small  ain.s.Suchv%eapons 
are  carried  aboard  ship  primarily  ta  eqii^ip 
personnel  assigned  to  the  landing  pait>,  and 
qeitam  v^atch  slanders  or  sentries  for  the  ship's 
'"internal  security. 

AS  a  third  class,  you  will  be  concerned  with 
pistols,  rifles,  and  shotguns,  becond  class  gun- 
ner's mates  must  know  the  .50  cal.  and  M60 
(7.62)  n^achineguns.  .your  responsibility  in  the 
field  of  sniall  arnV'is  twofold.  First,  you  must 
know  how  to  assetiible,  disassenilile,  overhaul, 
and  repair  small) arms.  Second,  you; must  be 
able  jto\  train  othar  personnel  in  the  operation, 
safe^Tiandling,  arm  the  care  and  cleaning  of 
small  arms.  \ 

As  the.  niajoaty  of  sniall  arms  are  of  Army  , 
issue,  you  .will  fmdX^t  tte  best  reference 
pubttTJations  lor  these  il^^s  also  conie  from  the 
Army.  Arniy  technical  maiiuals  (TMs)  are  es- 
pecially useful  to  the  small  arms  repairman. 
Arni^  field  manuals  (FMs)  are  prepared' for  the 
man,  in  the  field— the  man  who  Js  going  to 
shoot  the  weapon.' YQjj  should  have  a  complete 
^set  of  these,  publications  in  your  armory.  An 
^nUex  of  Aini>  ^^ls]  is  found  in  Arniy  ^)amphlet 
310-3.  The  ^index  for  TMs  is  Army  pamphlet 
310-4.  OD  39397  also  .lists  Army  publications 
and  Navy  ordnance  publications  pertaining  .to 
small  afjns.^ 

^/  'Another  important,  tool  in  the  identification » 
^,of  parts  and  maintenance  of  sniall  arms  al'e 
the^  Maintenance    Requiremerit   Cards  (MRC's). 
These  you  will  use  m  the  niaintenancc  .and 
lipkeep^of  all  sniall  arms.  ^  ,  '  -  — 

Before  wef, begin  our  study  crt  the. individual  ^ 
weapons^  let's  ^xandne.  some  of  the  quirks*  in, 
small  arnis  noniei*clature<*^''FOj:  the  niost  p^T^^,^ 
terminology  jgertaining  to  the  weapons  them- v 
selves'  is  fairly  standard;  This  is  because  thef 


Navy  has  adopted  most  of  the  Army's  system  of, 
identification.  For  example,  the  Army  uses  the 
letters  M  and  A  instead  of  mark  and  mod.  This 
means  that  "Carbine  M1A2",  te  Navy  language 
is  the  same  as  "Carbine  Mk  1  Mod  2*'. 

Much  of  the  confusion  surrounding  small 
^arms  terminology  lies  in  cartridge  or  round 
designations.  Perhaps  you  know  how  the  gage 
of  shotguns  determined,  but^  what  is  the 
difference  between  .30-06  and  a  .30-30  round  of 
ammunition?  Actually,,  a  .30-30  means  that  the 
cartridge  has  a  caliber  of  .30-inch  and  contains 
30  grains  of  propellant  powder.  The  .30-06 
cartridge,  for  which  the  Ml  rifle  (former  Navy 
standard  |ssue)  is  chambered^also  has  a  caliber 
of  .30-incb  but  the  numbers  -06  in  this  case 
mean  the  round  was  slandardiqpd  in  ,1906.  , 

The  diametefr  j)f  a  shotgun's  bore  is  referred 
to  as  the  **gage"  of  the  shdtgofi.  Gag^'^ls  not^^ 
measurement'' of  inches  or  millimeters.Instead,' 
.it  means  the  numbers  of  lead  balls  of  that 
particular  diameter  required  to  make  a  pfound. 
For  example,  if  you  measured  the  diameter  of 
the  bore  of  a  X2-gage  shotgun,  you  would  find  it 
to  be  0.729  inch.  If  you  were  to  make  a' number 
of  lead  balls  ol  this  diameter  and  weigh  thern, 
you  would  find  that  1^  of.  then?  woxdd  make  a 
pound.  '  ' 

So,  the  larger  th^  bore  of  £l  shotgun,  the 
smaller  the  gagenumb^.  A  l6-gage  shotgun  has 
a  smalleF-boreiEHan  a  12-gage. 


^     CYCLES  OF  OPERATIO?^ 

In  every  weapon  there  is  a  c^le  of  operation. 
-  This  cycle  is  a  group  of  actions  wliich  take 
place  upon  the  firing  of  one  roimd  andwliich  must 
occur  before  the  firing  of  thejiext  roupd.  In  the 
automatic  small  arms  currently  used  by  the 
Navy,  the  sequence  or  manner  of  accomplishing 
th^se  "actions  may  vary  between  weapons  of 
different  design,,  however,  they  are  always  per-^ 
formed. 
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There  are  eight  steps  in  the  cycle  of  oper- 
ation; they  are  shown,  in  figure  4-1.  '' 

FEEDING 

This  action  places  a  round  in  the  receiver 
just  to  the  rear  of  the  chamber.  In  its  simplest 
form  it  amounts  to  putting  a  cartridge  by  hand 
in  the  path  of  the  device  which  will  chanber  the 
round.  Most  often  feeding  is  accomplished  by 
a  springs-loaded  follower  in  a  magazine  or  clip. 

Magazines  have  a  limited  capacity  which 
caimot  sustain  the  continuous  rate  of  fire  re- 
quired by"  machiheguns.  Therefore-  machinegun 
ammunition  is  belted,  auid  the  rounds  are  ff  d  to 

the  reat  of  the  chamber  by  cam  and  lever  action. 

f->i 

CHAiVIBERING         -  . 

Tl^s  action  is  required  to  ram  a  new  round 
into  the  chamber.  Again  in 'its  simplest  form^i 
thr§  amounts  to  placing  the  round  there  by  hand. 
In  military  weapons  Chambering  takes  place  as 
the  forward  moving  bolt  strips  the  round  from 
the  feed  mechanism  and  forces  itintp  the  chamber. 
The  bolt  closes  on  the  cartridge  and  the  ex- 
tractor snaps  into  the  extf  acting groovfe  machined 
a.round  thg  base  of  the^cartridge  case. 


low-powered  weagpns,  it  is  possible  to  seal  the 
brdech  for  a  short  time  by  merely  beefing  up 
the  weight  of  the  bolt.  The  bolt  floes  start  to 
move  ^  upon  firing  , but,  if  sufficiently  heavy,  it 
will  not  move  far  enough,  to  release  the  gases 
until  their  pre&sure  has  b^en  satisfactorily  re- 
duced. This  Hiethod  is  used  on  submachine  guns. 

FIRING .     ,     ,  ' 

Firing  occurs  when^l^firing  pin  strikes  the 
primer  of  the  cartridge. 

UNLOCKING 

UnloG^ng  occurs  after  the  firing  of  the  round. 
Actions  for^nlocking  are  justSie  reverse  of  those 
required  for  locking.  For  most  rifles'  the'  first 
movement  of  the  bolt  is  a  rotating  one,  dis- 
engaging the  locking  lugs. 

After  this^he  •bolt  moves  to  the  rear*  In  the 
straight  blowback  type  bc^t  there  is  no  camming 
action,  the  cartridge  is  held  in  the  chamber  until 
the'  gas  p^ressuf'e  overconi^s  the  inertia  of  the 
heavy  bolt,  forcing  it  to  the  rear.  ^ 

EXTRACTING 


LOCKING  '     .       .  ^ 

This^  action  holds  the  bolt  in  its  forward 
position'  for  a  short  period  of  time  (after  firing) 
to.  preVenJ  the  loss  of  gas  pressUre  uhtil  the 
bullet  has  ifeft  the^  muzzle  of  the  gun;  For 


.  This  is  the  process  of  pulling  the  empty  case 
back* out  of  the  chamtxir.  The  extractor  (norm- 
ally a  small  hooked  piece  of  metal  encasfed  in  the ' 
bolt)  snaps  over  the  oi  the  cartridge  case 
\shen  the  round  is  chambered*  x\s  the  bolt  moves 
rearward  after  firing,  the  extractor  hauls  out 
the  empty  brass.        .  . 

if 


Figure  4-1.— The  eight  steps  in  the  cycle  of  operation. 
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EJECTION 

It-is  not  only  necessary  to  pull  the  cartridge 
case  out  of  the  chamber,  but  also  to  throw  it 
itree  of  the  receiver.  This  action  is  called 
ejection  and  is  created  by  placing  a  small 
projection  on  one  side  of  the  receiver  so  that 
as  the  bolt  and  case  move  to  the  rear  the  case 
will  strike  the  projection  and  be.  expelled  from 
the  weapon.  This  method  is  used  in  the  .45 
cal.  pistol.  Another  method  of  accomplishing 
this  step  is  to  incorporate  a  spring-loaded 
ejector  la  the  face  of  the  bolt.  In  this  arrange- 
ment the  case  is  fUpped  from  the  weapon  as 
socii  as  Its  forward  end*clears  the  chamber. 
Tlus  method  is  used  in  the  M14  rifle. 

COCKING 

cocking  IS 'the  retraction  of  the  firing  mech- 
anism (tiring  pin  and  hammer)  against  spring 
pressure  so  that  there  will  be  sufficient  energy 
to  fire  the  cartridge  in  the  next  cycle  of  oper- 
ation. The' firing  pin,  hammer,  or  in  some  cases, 
the  bolt  itself; '  are  held  in  a  cocked  position 
by  a  piece  called  the  sear. 

Again,  firing  is  mitiated  by  squeezing  a  trig- 
^err^his  movement  trips  the  sear,  releasing 
the  firing  mechanism  firing  pin,  hammer  or, 
m  automatic  weapons,  such  parts  as  the  bolt 
group-  or  slide),  causing,  it 'to  niove  forward 
with  enough  force  tojlischar'g©  the  round. 


'round  of  ammunition  is  fired.  The  use  of  these 
forces^  does  not  reduce -the  effectiveness  of  the 
weapon,  i3ut  utfh^s  otherwise  wasted  energy • 
There  are  thi^e  primary  methods  in  which 
the  wasted  energy  can  Jje  used  to  operate  th^ 
weapon.  Figure  4-2  shows  the  three  methods  in 

•which  the  pressure  fron*  the  exploding  c abridge 
is  used  to  operate  a  weapon.'  They  ^are  gas 
operated,  recoil  operated,  and blowback  operated. 

-Gas  Operated 

In  gas  operated  weapons,  a  portjon  of /the 
expanding  powder  gases  Ijehmcl  the  bullet  fare 
'  tapped  off  into  a  gas  cylinder  located  ^x)neath\the 
barrel.  '  (The  hole  connecting  the  barrel  and 
cylinder  is  near  the  muzzle  end.)  As  the  biillBt 
passes  this  hole,  gases  enter  the  cylinder,  striKe 
a  piston,  and  push  this  piston  rearward. 

5r^ts~.-^dnn§)cted  by  a.  rod  to  {in  operating 
mechanisp-  or  the  we?lp6n,  such  as  the  bolt. 
The  pibton  carries  the  lx)lt  aft  with  it,  unlocking, 
extracting,  ejecting,   and  cocking  the  weapon. 

Recoil  Operated       ^  *  -  ' 

As  a  round  is  tired,  high  pressures  develop 
l^hind  the  bullel  and  force  it  down  the  barrel. 
The  force  behind  the  bullet  is  also  directed 
rearward  against  \he  breech.  If  the  barrel  and 
'  bolt  are  secured  to  one  anot^ier,  the  entir^  foiVe 
of  recoil  is  felt  on  the  shooter's  shoulder.  But, 
by  designing  the  barrel  and  breech  assembly  so 


AUTOMATIC  AISD  SEMIAUTONUTIC 
•  FIRING  SYSTEMS  -  "  , 

A  semiautomatic  weapon  unlocks*,  extracts, 
eject's,  cocks,  and  reloads  automatically.  How- 
ever, the  trigger  must  be  pulled  each  time^  to 
fire  a -round."  By  this  definition,  the  .45  cal. 
•'autoniatic*'  pistol  is  actually  semiautomatic. 
A  fully  auiomatic  weapon  .keeps  firing  as  long 
as  the  tri^r  T5  kept  pulled. 

Two  examples  of  weapons  that^can  be  fired 
both  automatically*  and  semiautomatically.  are 
the  7.62mm  M14  rifle  and  the  5*56mm  M16A1 
rifle.  •  ^  • 

SMALL  ARMS  OPEIUTING  PRINCIPLES 

Automatic  and  semiautomatic  weapons  are 
classified  on  ;  the  basis  of  how 'they  obtain  the 
energy  required  for  operation.  Fundamentally,  * 
small  atms  obtain  the  energy  from  the  forces 
that  aijcompcgiy  the  e:q)losion  created  when- a 


GAS  OPERATED 


"RECOIL  OPERATED 


B.LOWBACK  OPERATED  -  y 

^  J  .    '  84.536 

Figure  4-2.  — Typeb  of  operating  systems.  . 
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that  they  can  slide  in  the  frame  or  receiver,  the 
energy  o£  "the  rear.moving,assembl>  can  be  used 
to  compress  springs,  move  levers,  etc,  necessary 
to  complete  the" cycles  of  operation. 

Generally,,  in  recoil  bperated  weapons,  the 
barrel  and  the  bolt  move  rearward  togettier  for  a 
short  distance.  Then  the  barrel  is  stopped  and  the 
bolt  (now  unlocked)  continues  to  the  rear  gainst 
spring  pressure  until  the  empty  case  is  ejected. 
The  force  of  recoil  i^  also  used  to  cock  the 

.weapon  and  compress  the  spring,  returning  the 
bolt  to  its  firing  position  and  chambering  a  new 

i  round  in  the  process.  The  .45  cal.  pistol  is  an 
example  of  ,a  recoil  operated  weapon. 


Blowback  Operated 


revolver,  because  of  its  lighter  yJeight,  is.  frer 
quently  issued  io  flight  personnel,  instead  of  the 
.45  cal.^  pistol.        .  * 

Handguns  are  characterized  by  their  short 
range  and  small  magazine  capacity,  and  their 
purpose  -  which  is  generally  defensive  in  nature. 

,.45  CALIBER  AUTOMATIC  PISTOL 

During  the  uprising  of  the  Moyo  tribes  in  the 
Philippines' during  the  eaiJy  1900's,  it  was  found 
that  the  fanatic  tribesmen  often  were  not  stopped 
when  hit  by  bullets  from  the  ,.38.cal.  sidearms 
then  used  American  troops.  This  lack  of 
stopping  power  was  one  of  the  factors  which  led 
to  the  adoption  in  Ijdll  jcn  the  .45  cat.  automatic 
pistol  as  the  official  military  sidearm. 

The-  .45  cal.  automatic  pistol,  often  called 
the  ''Coitus  was  designed  and  patented  by  John  M. 
Browning  who  was  probably  the'world's  greatest 
inventor  of  automatic  weapons.  The  'original 
model  1911  differs  only  in  minor  detail  from 
the  current  model.  1911A1.  Operation  of  the  two 
models  is  identical.  Figure  4^3  shtws  the  pistol 
with  nomenclature  for'  some  of  the  external 
parts. 

The  caliber  .45  pigtol  M1911A1  is  a  recoll- 

uoiu  ulUDou      DA^xiiig  pxooouxQ  tuiu  uuo     loading  handgun  with  fixed  sights.  It  is  often 

called  an  •^autoifiatic , pistol",  but  based  .on  our^ 
previous  definition*,  it  is  a  true  semlautomatia 
wejapon.  The  magazine  holdfe  §even  rounds  when 
fully  loaded;  one  roungt  is  fired  with  eachsqueeize 
of  the  trigger.  Rifling  in  the  barrel  is  left  hand 
twist  (the  only  Navy  weapon  A^thlejft  hand  rifling). 
Empty  I-  the  pistolv  weighs  .approximately  2-1/2 
pounds.  It  has  a  maximum  range  of  a  little  over 
1600  yards,  and  an  effective  rang^  (in^the  hands 
of  troops)  of  about  50  yards. 


There  are  similarities  between  recoil  and 
blowback  op^rsjted  weapons.  Butthere  are  several 
major  differencest  In  /recoil  operation,  the  bolt 
and  bai'rel  are  locke^  together  until  the  bullet 
has  left,  the  barrel,  ^d  most  of  the  recoil  thrust 
is  spent..  The  combined  thrust  of  the  recoiling 
barrel,  ^fcolt;  and  sortie  other  parts  are  used  to 
operate^  the  weapon.jin  blowback  (inertia)  opera- 
tion, however,  the  bolt  is'nof  locked  to  the  barrel 
Andjn  most  cases  Jlie  barrel  d.oiSs_notrecpil._The 
bolt  is  ^ 

mass  of  the  breechblock.  The  initial  blow  of  the 
esqploding  cartridge  starts  the  bolt  moving  rear- 
ward,- ,  but  Oie  weight  of  the  bolt  is  such  that  it 
does  not*  allow  the  chamber  to  be  entfrely  opened 
xmtil  the  round  has  left  the  bore.  Action  by  a  recojLl 
spring  returns  the  bol,t  to  the  closed  position, 
chambering  a  new  round.'       ^  ' 

Thus  the  weight!  of  the  *0reechbolt  is  an 
iniportant  factoi;  in  the*desi|n  and  operation  of  a 
blowback  operated  weapon.  When  used  with  "low 
powered*  ^inxinition,  it^is  5-  suitable  arrange- 


Hient,  A  riiilitary  riflfthpwever,  using  the  staildafcd 

wotuthjrt- 


•30  cal.  cartridge  ^dthe  blowback  action, 
require  a  27-pqund  breechblock. 
*  Besides  tne  submeichineguns,  many  types'"  of 
so-called  "jKKsket  automatic'*  pistols  a|id  .22 
cal.  automatic  rifles,  use  bjowback  operation. 
-       «     ^  •  s 

.  HANDGUNS  ' 

There  are  two  handguns  ysed  by  the  fJavy 
today— .the  .45  cal.  automatic  pistol  and  the 
.38  cal.  Smith  and  Wesson  revolver^ '^The  .45 
cal*  automatic  is  the  standard  service  pistol 
used  b>  sentries,  watchstanders,^d  some  mem- 
bers of  the  ship's  landing  party.  The  .3a,  cal. 


DISASSEMBLY 


•jGfiare  of  the  pistol  includes  daily  preventive 
maintenanpe,  prefiring^  pleaning,  apd  postfiring* 
cleaning.  For  cfidly  maintenance-  the  pistol  need 
not  te  disassembled  jxit,  for  the  preflring  and  " 
postfiring  cleaning,  the  pistol  should  be  disassem- 
bled.  .  /  .  '  ^ 
;  Tftarer  are  two  phases  of  di'sass^mbly  for  the 
pistol,  general  disassembly  (field  ifcppin^  and 
det^led  disassembly.  General  disassembly  (fig. 
4-4)  ifi  tfie  disassembly  necessary  for  normal  ca^e 
a^d  cleaning  i^id  after  Jhe  weapon  has  been  fired. 
TMs  is  the  extent  of  (Usaspembly  that  is  generally 
ejqplained  to  personnel  such  as  watchstanders. 
The  tietailed  disassembly  of  ^Jthe  receiver  group 
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Flgure\^3. -^Automatic  pisixJl,  caUber  ^5r- M1911A1;,  A.  Slide  closed.  B.  Sli.dO  open. 
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BARR^t  BUSHING 


BUSHING         ^  BAR^L 
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Figure  4-4.  — The  pistol  in  a  field  stripped  condition; 
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(Fig.  4-5)  is  the  job  of  tbe  Gunner»s  Mate  during 
periodic  cleaning  and  repair. 

To  do  a  good  job  of  cleaning  and  repjair,  it  is 
essential  that  you  know  the  names  of  the  parts  of 
'  the  weapon,  fhe  nomenclature  'of  parts  of  the 
pistol  should  be  learned  while  practicing  dis- 
assembly and  assembly.  As  each  part  is  removed 
and  replaced,  the  nomenclature  is  repeated  until 
known.  While  studying  the  disassembly  and  assem- 
bly of  the  pistol,  refer'  to  'the  illustrations 
showing  the  parts  by  name  and  description. 
Become  thoroughly  familiar  with  them  and  their 
function.  Knowing  the  names  of  the  parts  also  will 
help  you  undQrfetand  the  operation  of  the  weapon. 

General  Disassembly  (field  strippfng)  '  • 

Prior  to  performing  "any  work  on^the  pistol, 
remove  the  magazine  and  pull  the  slide  to  the 
rear  and  inspect  to  see  that  the  weapon  is  clear. 
Then  perform  the  following'-steps: 

'  1.  Cock  the  hammer  and  put  the  safety  lock 
in  its  up  (SAFE)  position.  Depress  the  recoil 


spring  plug  and  turn  the  barrel  bushing  about  a 
quarter,  tarn  clockwise.  T^is  releases  the  tension 
on  the  spring.  Allow  the  spring  to  expand  slowly, 
under  .control,  to  prevent  injury  or  loss  of  parts. 
Turn  the  recoil  spring  plug  counterclockwise  and 
remove  it  from  the  recoil  spring.  Move  the  safety 
lock  back  down  to  its  FIRE  position. 

2.  Draw  the  slide  to  the  rear  until  the  half- 
Hioon  reeess  (on  the  slide)  is  directly  above  the 
projection  on  the  slide  stop.  Push  out  th^  slide 
stop  from  righbto  left.  J 

3'..  Turn  the  pistol  upside  down  and  dr^w  the 
receiver 'to  the  rear,  disengaging  it  from  the 
slide.  Lay  the  receiver  down. 
*     4.  Draw  the  recoil  spring*  and  its  guide  to 
the  re^'r  and  out  of  the  slide. 

5.  Take  the  barrel  bushing  out  of  the  slide 
by  turning  it  counterclockwise  as  far  as  it  \vill 
go,  then  lifting  up.     ^    ,  .  v  , 

6.  Lay  the  barrel  liiak  forward  and  pull  the 
barrel  out  of   the  muz:ile  end  of  the  slide. 

7.  Take  out  the  firing  pin.  To  do  th^s,  press 
in  on  the  rear  of  the  firing  pin  svdth  any  pointed 
object  until  you  can  slide  out  We  firing  pin 
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1  MAGAZINE  CATCH 

2  RIGHT  STOCK 
'  8  TmGGER  ' 

4  S^EAR  PIN 
8  HAMMER  PIN 
e  HAMMER 

7  CRIP  safet; 

8  RECEIVER 

9  SL.IDE  STOP 
40  UEPT  STOck 
11  DISCONNECTOR 


12  SEAR 

18  HAMMER  STRUT 
14  SAFETY  L.OCK 
10  SEAR  SPRING 
10  MAINSPRING  CAP 

17  MAINSPRING 

18  STOCK  S^EW 

19  HdusiNG  PIN  RETAINER 

20  MAINSPRING  CAP  PiN 

21  MAINSPRING  HOUSING 

22  MAINSPRING  HOUSING  PIN 
28  SAFETY  LOCK  PUUNGER. 

SLIDE  STOP  PLUNGER 
AND  SPRING 


/ 
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Figure  4-5,— Receiver  group. 


stop.  Keep  your  fingers  over  the  firing  pin, 
allowing  the  spring  tension  to  ease;  then  lift 
both  firing  pin  and/epring  f  roip  the  slide. 

8.  Pry  the  extractor  out  of  the  rear  of  the 
slide.   .  .  .  ' 

.  Detailed  Disassembly  of  .  >  , 

the  Receiver  Group  \'  ^  • 

Disassembly  of  the  received  grpup  into  its 
individual  parts  as  seen  in  figure  4-5  is  done 

-  as  follows:  '  .  ^  '  ^ 
.  i;  The  hammer'  shouid"  still  be  in  it$  cocked 
position.  Move  the  safety  lock  up  and  down,  at 
.the  same  "time  pulling  It  outward  from  the  re- 
ceiver. (Do  not  use '  any  tool  to.  pry  the  stop 
out.)  With,  the  safety  lock  removed,  squeeze  the 

*  trigger,  .and  allow  '  the     hammer    to'  EASE 

•  FORWARD. 

2.  Renipve  the  mainspring  hojjsing^  pin.  This 
step'  Tequires  a  good  deal,  of  force,'  so  the 
receiver  >must  be  placed  on  a  sturdy 'supporting 
surface.  The  end  of  the  safety  lock  pin  can  be 


used  to  push  the.  mainspring  housing  pin  out.  ^-^ssemJg^a. 


3.  '  Remove  >  the" mainspring  housing.  Take  out 
the  grip  safety  and  the  sear  spring. 

4.  Using  a  drift  pin,  punch  out  the  hammer  pin^ 
then  lift  the  hammer  from  the  receiver. 

5.  Drift  out  the  sear  pin  from  right  to  left, 
and  let  the  sear  and  disconnector  drop  out  into 

yout  hand.  "  '  n  u 

6.  Press  the  magazine  catch  in  until  flush 
with  the  left  side  of  the  receiver.  Then>  using  the 
short  leaf  of  the  sear  spring,  turn  the  magazine 
catch  lock  one  quartex  turn  counterclockwise. 
Lift  the,  magazine  catch  from  the  right  side  of 
the  receiver. 

7.  Remove  the  trigger  from  the  rear  of  the 

receiver.    ,  ,       '  ^  *  .  ,^4. 

8.  Remove  4  stock  screws  andUejt  and  right 

stocks.  '  * '      '  • 

ASSEMBLY  •  ■ 

Assembly  of  the  .weapon  is  ,  also  covered  in 
two  phases:  First  the^receiver  group  is  assembled. 
At  the  end  of  tiiis  phase  the  weapon  is  in  a  field 
stripped  condition.  Then  the  field  stripped  weapon 
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Both  phases  of  assembly  are  done  by  per- 
forming the  disassembly  procedures  in  reverse  ^ 
order.  Here  are  four  hjnts  vvhich  should  be  helpful 
in  assembling  the  pistol  — 

'     '  '    ^     '     ^    .> '  - 

l;  All  pins  go  in  fron\,  left  to^right. 

2,  Place  the  seay  and  disconnector  in  as  one  , 
unit,  fitted  together  as  shown  in  figu;?e  4-6. 

3.  When  you  pUce  the  sear  spring  in  position, 
have  the  mainspring  housing  ready  to  sh0e  up 
about  three  quarters  of  the  way  mto  the  receiver 
to  k(Sld  the  spring  in  placed*       "*  ' 

i  4.  Make  "^ure  th9.t  the  hammer  strut  is  actually 
fKting';<vell  down  into  the  m*ainspfing  cap.Wore 
sj^din^  the  m,aihspring  housing  ii^to  placp.  Some-, 
tintes  the  hammer  strut  will  catch  on  top  of  the 
cap  instead  of  properly  seatirig  in  the  cap's 
recess.,  f  .  *  ' 

*  \    ,  '  ^ 
SAFETIES     .         .;  ,  • 

.  There  are  four  safety  devices  on  this  p^toK 
The-  two  manual  safeties  are  the  safety  lobk 
(sometimes  called  the  thumb  safe)  and  the  half- 
cock  notch.* The  two  automatic  safeties,  are  the 
grip  safety  .and  the  c&sconnector.  Although  the 
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Figure  4-6. —  Replacing  the  sear  and  disconnector. 


^disconnector  i^  classed  afr  a  safety,  it  is  not 
considered  a  positive  ^  safely  as  ate  the  three 
safeties  mentioned  above  since  it  is  designed  to 
cause  the  pjstol  to  fire  semiautomatic  fire  and 
Cannot  "be  controlled  by  the  shooter.  ♦ 

The  safety  lock  positively  locks  the  slide  in 
the  forward  position.  In  addition,  a  stud  on  thq 
safety  J/)^k  (fig.  4-7A)  blocks  the  shoulders  of  the 
sear  to  prevent  any  mo^emekt  of  the  sear  out  of 

^  the  fujU-cock  notch  of  the«  hammer.  * 

The  half-cock  notch  i^s  the  notch  just  above, 
full-cock  notch.  It  has  a  lip  which  prevents  move- 
ment of  the  sear  from  that  notch  when  pressure 
is   applied  to  the  trigger.  (See  figure 

i   ■  ■  ■  • 
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Figure  4-7.— ^anual  safeties.  v 
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The  grip  safety  (fig.  4-8A)  indirep«3^  stops 
any  movement  of  the  sear  by  blocking  trigger  ^ 
movement.  If  the  trigger  cannot  be  actufitted,  the 
sear,  cannot  move,  and  the  hammer  will  n^ot  fall. 
'  *  fhiB  disconnectpr  (fig.  4-8B)  prevents  firing 
imless  the.  slide  is  fully^  forward^' and'  IpcRed. 
WBen  the  siide  is'forward/the  disconnector  rides 
up^  into  a  recess  on  the  underside  pf  the^lide. 
The  spade  of  the  disconnector  (dark  area)  bears 
against  lugs  on  the  sear.  Wfien  the  trigger  is 
pulled,  the  trigger  yoke  pushes  back  against  tiie 
disconnector  spade  which  transmits  the  motion  to 
the  sear,  rotating  the  sear 'nose  out  of  th^ 
full-cock  notch  of  the  hammer,  and  the  weapon 
fires.  At  .any  time  the  slide  is  riot  ful\y  forward, 
the  nose  of  the  disconnector  is  forced  downward. 
In  this  condition  the  disconnector  spade  does  not 


TRIGGER 
VpKE 


GRIP 
SAFETY 


1 


'DEPRESSED 
(TRIGGER  FREE  TO  MOVE) 


'housinq 


RELEASED 
(TRK3GER  BLOCKED) 


mSENGAGEO 


IJigure  4-8*— Automatic  safeties. 
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contact  ^  the  sear  when  the'  trigger  is  pulled. 
When  the  trigger  is  pulled,  the  disconnector  will 
be  pushed  to  £he  rear  but  the 'sear  remains  in 
positioif,  holding  the  hammer  to  the  rear.   ^  * 

CYCLROF  OPEiUTION 

Refer  to  figure  4-3  as  we  e?q)lain  the  functions 
of  the  pistol.  We'  will  assume  that  a  loaded 
magazine  Is  in .  the  weapon,  a  round  is  in  the, 
chamber,  the  grip  safety  fs  depressed,  the  trigger, 
has  be^n  squeezed,  and- .the  round  ignited.  The 
cycle  of  operation  noW  begins. 

As  the  gases  from  the"burned  powder  expand, 
the  bullet  is  forced  down  the  bartel  while  the 
same  force  is  directed  rearwar4  against  the 
sl'ide.  The  slide  and  barrel  are  locked  together 
at  this  point,  and  both  are,for.ced  oft.  The  barrel 
link  is  attached  to  the  "stationary'  receiver,  .so 
the  barrel  is  moved  downward  a&well  as  to  the 
rear.  As  the  barrel  locking  ribs  are  disengaged 
froni  the  recesses  in  the  slide,  unlocking  is 
completed.  '  '  .  * 

As  the  slide  moves  alt  in  recoil,  the  extractor 
pulls  the  empiy  case  along* With  it.  Bxtr action 
is  completed  when  the  cartridge  clears  the 
chamber.  ♦ 

,  Ejection  occurs  when  the  cartridge-strikes  the 
stationary  ejector,  pivots  bri  the  extractor,  and 
flips  from  the  weapon  througlFthe  ejection  port. 

Cocking  began  as  soon'  as  the  slide  started  its 
recoil  movement.  The  hammer  is  moved  rearward 
and  the  hammer  strut  is  pushed  down  against  the 
mainspring,  pompressing  it;  Whenthe  slide  strikes, 
the  recoil  spring  guide  collar, Its  rearward  move- 
ment is  stopped.  The  recoil  spring  then  causes 
*the  slide  to  begin  *its  forward  movement.  The 
hammer  follows  the  slide^for  a  shor-t  distance. 
-Then  the  sear,  which  bears  against  the  hammer 
through  the  action  of  the  sear  spring,  enters  the 
full-cock  notch  of  the  hammei:  and'  holds  it  in  a 
cocked  position. 

Feeding,  starts  as  soon  as  the  slide,  moving 
,  to  the  rear,  clears  the  top  of  the  magazine.  The 
magazine  follpwer,  *  under  pressure  from  the 
magazine  spring,  forces  the,  .top^  round  against 
the  lips  of  the  magazine.  This  places  the  top 
cartridge  in  position  to'^be  picked  up  by  the  face 
of  the  slide  during  its  forward  movement. 

Chambering  occurs  when  the  fonvard^  moving 
slide  pushes  a  new  round  into*  the  chamber.  As 
this  bullet  is  pushed  up  the  ramp  into  the  chamber, 
ti^  base  of  the  cartridge  slides'  up  the  face  of 
Vnt  slide'.  A6  this  happens  the  groove  on  the  .base 
'  of  the  cartridge  is  engaged  by  the  hooljedextiractor.. 
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After  chambering*  the  slide  continues  forward 
a  small,  distance,  pushing  the  barrel  ^ead'of  it. 
t  As  the  barrel  moves,  it  pivots  up  and  forward  on 
the  barrel  link.  The  locking  ribs  on  the  barrel 
enter'  the  locking  recesses  in  the  sUd^,  thereby 
locking  the  two  together.  "  , 

Firing  will  start'  the  cycle  all  over  ajtin. 
When  the  grip  safety  is  depr6s^ed  and  the  trigger 
IS  squeezed,  the. trigger  yoke  presses  ^gains.t  the 
disconnector,  which  pushes  aft  on  the  sear.  The 
sear '  r9tates  on  its  pin,  ciisengaging  from  the 
notcji  on  the  hail\mer.  The  nmitispring  plushes  up 
on  the  hammer  strut,rotating  the  hammer  forward. 
Tlie  hammef  strikes,the  firing  pin  which,  in  turrit 
strikes  the  cartridge  primer.  \ 


.38  CALL 
WESSON 


ER  SMI1 
OLVi 


AND 


You  will  Mind  the  .38  cal.  S  &  \V  revolver 
(fig.  '^9)  in  armories  ashore,  where  it  "is  used 
'  by  men  assigned  to  guard  ^r  police  duties. 
Because  it  is  lighter' than  the  .45  cal.  autoniatit, 
the  .38  IS 'frequently  issued  to  flight  personnel. 
This  weapon'  has  about  the  sanie  maximam  and 
mininium  range^  as  the  .45  cal^  automatic-1600 
and  50  yards,  respectively.  ^Figure  4-10  shows 
the  revolver  disassembled  to  the  extent  usually 
•  required  for  normal  care.  ♦ 

Operation  ^ 

In  this  discussion,  operation  of  the  revolver 
is  limited  to  loading,  firing,  ^d  unloading.  To 
'load  the  revolver,  the  cylinder  must  be  sWlhg  out 
by  pushing  forward  on  the  thumb  piece  and  apply- 
ing a  little*  pressure  on  the  right  side  of  the 
cylinder.  The  thumb  piece  wilf  not  release  the 
cylinder,  if  the  hammer  is  cocked* 

*  NOTE:  The  cylinder  should  not  be  flipped 
out  sharply**because  this  can  cause  the  crane 
•    to  be   bent,   throwing  the   cylinder  out  of 
timiiJg. 

tfnsert  a  roimd  in  each  of  the  cylinder's  6 
p  chambers,  and  *  swing  the  cylinder  back  into 
^  position.  The  weapon  is  now  loaded  and  readj^  to 
be  fired. 

The  revolver  can  be  fired  by  single  or  double 
action.  For  single  action  firing,  the  hammer  is 
.  pulled  back  with  the  thumb  to  the  fullrcock 
position  for  each  rouftd.  This  a,ctionUl§j5  rot^ites 
the  cylinder.  The  hammer  Is  held  in  the  cocked 


position  by  the  sear  until  released  by  the  trigger. 
In  double,  action  firing,  pulling  the  trigger  causes 
the  hani!n3r  to  be  raised  to  nearly  its fulj-cock 
position.  The  hammer  strut  will  then  escape 
the  trigger,  and^  the  spring-loaded  hammer  will 
fgll  and  strike  the  cartridge.  In  double  action  / 
firing,  the  cylinder  is.'  rotated  l}y  pulling  the 
trigger.  Since  it  requires  slightly  less  trigger 
pull  for  single  action,  this  method  shouldproduce 
better  accuracy.  '  . 

The  empty  cartridges,  are  ejected  by  swinging 
out  the  cylinder"  to  the  left  and  pushing  the 
ejector  glunger  toward  the  rear  of  the  cylinder. 

Th^re  are  two  built-in  safeties  onthisrevolv-  ' 
er  — the  hammer  block  and.  the  rebound  slide. 
The  hammer  block  prevents  the  hammer  from 
going  far  enough  ftrward  to  strike  the  cartridge 
primer  when  both  the^hanimpr  and  trigger  are 
in  the  forward  or  uncocked  position.  Thus,  if  the 
revolver  were  droppei^  or  otherwise  struck oa the 
'hammer, '  the  round  would  not  fired.  The 
rebound  slide  actuates  the  hammer  block  to 
prevent  the  hammer  from  traveling  far  ^enough 
to  strike  the  primer  should  the  hammer  slip 
frdni  the  thumb  While  being  manually  cocked. 


Disassembly  knd  Assembly 

To  disassemble  the  revolver: 


1.  'Push  forward  on  the  thumb  piece  ^(fig. 
4-9A)  which  actua,tes  the  cylindejr  latch,  and 
swing  the  cylinder  out  to  the  left.. ^With  a  small 
screwdriver  remove  the  sideplate  screw  (No.  1 
in  fig.  4-9B),  located  directly  under  the  cylinder. 
This  .3crew  ^retains  the  crane  (6f  yoke)  of  the 

.cy*linder  and  ejector  group. 

2.  Remove  the  qylinder  and  extractor  group 
by  pulling  the  cylinder  forward. 

Remove    the    three   remaining  sideplate 
screws  (No.  2  fig.  4-9B).  -  ; 

4.  Remove  the  sideplate^  Do  not  pry  the 
sideplate  off;  Use  a  wooden  handle  to  tjip  the 
plate*  and  frame  until  the  sideplate  loosens  from 
the  seating.  ^'      ^.  ^  '  ; 

5.,  Remove  the  stock  screws  and  lift  off  the 
stoc}<s. 

The  disassembled  weapon  ajipears  'as  shown 
in  figure  4-10.  The  parts  can  be  inspected  and 
lubricated  as  necessary.  * 
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Figure  4-9.-bmith  and  Wesson  revolver,  caliber  .38  special.  A.  Left  side:  1.  Thumbpiece  (cylinder 
r^se).  2.  Stock  screw.  3.  Stock.  B.  Right  side;  1.  and  2.  Sideplate  screws.  3.  Sideplate.  4.  Stofik. 
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Figure  4-^10.— Smith  and-Wesson  revolver,  caliber  .38;right 'side  view  v^ith  cylinder  and  ejector  group, 
side  plate,  and  stocks  removed.  1.  Sideplate  screws.  2.  Sideplate.  3..Hammer  block.  4.  Frame. 5. 
Stock  screw'.  6.  Stocks.*  7.  Mainspring.  8.  Mainspring  strain  screw.  9.  Hammer.  10.  Sear.  11. Re- 
bound slide.  12.  Hammer'blpck  pin.  13.  Trigger.  14.  Barrel.  15.  Cylinder.  16.  Crane  or  yoke.  17. 
Ejector  plunger.        ,  ^  • 


To  assemble  the  weapon,  first  remove  the 
hammer  'block  (Nol  3  of  fig.  4-10)  from  the  side- 
plate^  Place  the  hole  in  the  hammer  block  over 
the  hammer  block  pin  (No.  12  in  fig.  4-10) 
so  that  the  **L**  projection  of  the  hammer  block 
will  fit 'between  the  hammer  and  frame.  The 
i-emaining  parts  are  installed  following  the  re- 
verse order  of  disassembly.  » 


SHOULDER  WEAPONS 

Shoulder  weapons  are  designed  to  be  held  with 
both  hands;  they  are  braced  agednst  the  shoulder  . 
to  absorb  the.  force  of  recoil  and  to  improve 
accuracy.  Included  in  this  group  are  the  Ml 4 
and  M16A1  rifles. 

THE  M14  IrIFLE.  .  ^ 

The  M14  rifle  (fig.  4-11  and  4-12)  is  a  light- 
weight, air-cooled,  gas-operated,  magazine-fed 
shoulder  weapon.  It  is  designed  primarily  for 
semiautomatic  fire,^or  full  automatic  fij^e  at  the 
cyclic  rate  of  750  founds  per  minute. -The  rifle 
is  chambered  for  7.62mm  cartridges  and  is^ 


designed  to  accomodate  a  20-round  cartridge 
magazine,  the  M2  rifle  bipod  (fig.  4-13),  tiie 
M76  grenade  laimcher  (fig.  4-14),  and  the  M6 
-bayonet  (fig.  4-15). 

M14  RIFLE  CONTROLS 

Figure>4^l6  shows  the  «*selector*\  You  posi- 
tion it  as  in  A  for  automatic  fire  (fig.  4-16 A),  as 
in  B  for  semiautomatic  fire  (fig.  4-16B).  Figure 
4-11  shows  the  '•trigger  and  sear  assembly^" 
In  firing  for  semiautomatic  fire  you  squeeze' 
the  trigger  for  each  rotmd  fired.  For  autontatic 
fire  you  squeeze  the  trigger  and  hqjd. 

NOTE:  Most  of  the  M14  rifles  issued  to  the 
Navy  will  not  be  eqtUpped  Nvith  the  automatic 
selector,  so  only  semiautomatic  fire  will  be 
possilMe. 

The  «*safety»' •is  shown  in  figure  4-12.  To 
prevent  firing,  you  press  it  back  from  in  front 
of  the  trigger  guard.  To  permit' firing,  you  press 
it  forward  from  inside  the  Ixigger  guard.  The 
safety  is, placed  in  the  sqfe.positipn  before  the 
operating  handle  is  pulled  to  the  rear  to  cock  the 
rifle.  *  . 
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PINION  ASSEMBLY 


trigger  and  sear 
Assembly 


Figure  47II.— 7.62-mm  rifle  M14  and  controls-left  front  view. 
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Figure  4-12.— 7.62-mm  rifle  M14  and  controls- right  front  view. 
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.  ^  -  29.334 
«'  Figure  4-15,— 7.62-mm  rifle^with  bayonet-knife  M6. 
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Figure  4r  16.— Selector  for  automatic  and  semiautomatic  fire. 
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The  rifle  i&»  cocked  and  ofJ^rated  riianually 
by  the. use  of  the  '•operating  rod  handle**  (fig. 
4-f2).  First  you  install  a  loaded  niagazine,  or 
reload  an  .empty  magazine  already  in  the  rifle. 
TO  install  a  loaded  niagazinej-insertiront  end  of 
loaded  magazine  into  niagazine  well  until  the 
front  catch  snaps  into  engagenient;  then  pull 
rearward  and  upward  until  the  niagazine  latch 
locks  magazine  into  position  (fig.  4-17).  To  reload 
an  empty  nfiagazine  in  the  rifle,  first  push  safety 
into  safe  (back)  position.  Then  draw  the  bolt 
assembly  all  the  way  back',  depress- the  bolt  lock 
(fig.  4-11),  and  ease  the  bolt  forward  against  the 
lock.  Then  insert  5-round  cartridge  clips,  as 
shown  in  figure  4-lS.  Four  5-round  clips  will 
fully  load  the  niagazine*  Release  bolt  lock  by 
drawing  bolt  rearward,  and  olo^e  bolt.  As  the 
bolt  assembly  close i^,  the  top  caitridge  in  the< 
magkziile  i's  forced  into  the  chamber. 

In  the  procedure  of  reloading  an  empty  maga- 
zine in  the  rifle,  the  rifle  cocks  when  you  draw 
bac^^the  bolt  assembly.  When  you  insert  a  loaded 
magazine  in  the  rifle,  however,  the  rifle  is 
uncocked  and  you  must  codv  it  to  fire.  To  do^this, 
you  move  the  operating  rod  handle  (fig.  4-12) 
all  the  .\^ay  to  the  rear  and  release.  This  permits 
the  force  of  the  niagazme  spring  to  position  the 
top  round  in  path  of  the  bolt  after  the  operating  rod 
has  moved  the  bolt  to  its  rearward  position.  As 
thQ'  operating  .rod  nioves  the  bolt  forward,  thi 
bottom  face  of  the  bolt  engages  the  base  of  the 


cartridge,  ramming  it  forward,  feeding,  chamber- 
ing, and  locking  it  in  the  barrel.  /  ^ 

The  *'gas  spindle  valve"  (fig.  4-19)  controls 
the  gases  used  in  firing  the  rifle  as  follows: 
When  the  slot  of  the  spindle  valve  is  in  vertical 
or  on  position  (fig.  4-19,  upper  view),  the  valve 
is  open,  and  directs  gases  to  the  operating  piston 
for  ordinary  functioning  of  the  rifle  .When  the  slot 
is  in  horizontal  or  off  position  (fig;  4-19,  lower  ^ 
vie\V),  the'  spindle  valve  is  closed.  This  permits* 
full  pressure  of  gas  to  be  utilized  in  propelling  a 
rifle  grenade.. 

The  rear  sight  controls  consist  of  a  • 'windage 
knob*'  (fig.  4-12)  and  a  ••pinion  assembly'*  (fig. 
4-11).  The  function  of  the  windage  knob  is  to 
adjust  the  sight  laterally.  To  move  the  sightto  the 
right,  turn  knob  clockwise;  to  the  left,  counter- 
clockwise. The  pinion  assembly  adjusts  the  5ight 
aperture'  vertically.  Turn  pinion  clockwise  to. 
raise,  counterclockwise  to  lower. 

FIRING  THE  M14'RIFLE 
* 

It  may  be  that  the  command  desires  that  there  . 
be  no  automatic  fire.  If  that  is  the  case,  the  * 
selector  on  your  rifle  will  be  removed,  and  a 
''selector  shaft  lock"  (fig.  4-12)  inserted,  so 
that  the  rifle  is  capable  only  of  semiautomatic, 
fire. 

For  a  rifle  equipped  with  a  selector  shaft 
lock,  you  simply  push  the  safety  forward,  and  then 
fire  a  round  with  each  squeeze  of  the  trigger. 


INSTALLATION 


REMOVAL 


Figure  4-17.— Installation  and  removal  of '^agazine. 
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Figure  4-18.— LO£t^g  n^agazine  through  cartridge  clip  guide. 
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For  semiautomatic  fire  of  a  rifle  equipped 
with  a  selector,  yon  position  the  selector  tor 
semiautomatic  fire,  and  then  fire  a  round  with 
each  sc^eeze  of  the  trigger. 

For  automatic  fire  with  selector,  you  proceed 
as  follows: 

ft  * 

1.  Position  selector  for  automatic  iire; 

2f  Push  s^afety  forward. 

3.  Squeeze  trigger,  and  rifle  will  fire  auto- 
matically as  long  as  trigger  is  squeezed  and  * 
there  is  ammunition  in,  the  magazine.  Releaset 
trigger  to  cease  firing.  *        '  , 

,  4.  After  the  last  round  is  fired,  the  magazine 
follower  (spring-driven  plate  in  the  magazine  that 
forces  cartridges  ui)ward  el^  rounds  aree3q)ended 
and  cases  ejected)  actuates  the  bolt  lock,  locking 
tiie  bolfin  rearward  position.  When  an  empty 


magazine  is  removed  and  a  loaded  one  inserted, 
release  bolt  lock  by  retractipg  the  operating  rod 
thereby  drawing  the  bolt  ^-^arvvard,  then  close  the 
bolt.  As  the  bolt  assenably  is  closed^,  the  top 
cartridge  in  the  magazine  is  pushed  forward  into 
the  chamber. 

UNLOADING  THE  M14  RIFLE 

To*  unlo^d  the  M14  rifle,  prpceed  as  follows^ 

1.  Push  the  Safety  to  safe, .  (back)  position. 

2.  Grasp  rhagazine.  with  thumb  on  magazine 
latch,  and  squeeze  the  latdh to  release  it.  Push  the 
magazine  forward  ahd  dbwnwrard  to  disengage  it 
from  the.  front  catch,  .and  then  remove  from 
magazine  well,  as  shown  in  rightrhand  view  of 
figure  4-17.  ^         '  .  ^ 
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S  SPINDLE  VALVE  IN 
ON  POSITION 


cleaning,  lubrication,  and  maintenancea  This  pro- 
cedure is  called  » 'field  stripping**  the  rifle. 
The  names  of  the  group  assemblies  are  as  follows: 


1.  Magazine'  -  .  ' 

2.  Firing  mechanism'.         ^      ^  - 

3.  Stock  with  butt  plate  assembly 

4.  Hand  guard  assembly 

5.  Operating  rod  and  connector  group 

6.  Bolt  assembly 

?•  Barrel  and  receiver  group.  , 


To  withdraw  the  firing  mechanism  {no.  2  in 
fig.  4-20)  from  the  stock,  proceed  as  follows: 


SPINDLE  VALV€  fN 
OFF  POSITION 


Figure  4-'19*  — Gas  spindle  valve* 
,sitions* .  ' 
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-  on  and  off  po- 


.  3*.  Pull'  the  operating  rod  hahdle  all  the  .way 
to  the  rear.         -  f 

4i  Inspect  the  chamber  to  ensure  it  is  clear. 

5.  Lock  the  bolt  carrier  to  the  reai?^  by 
depressing  jthe  lower  portion -of  ih6  bolt  catch, 
and  return  Uie  charging  handle  lor  ward.  " 


The  rifle  is  clear  ONLY  when  ho  round  is  in' 
thQ  chamber,  the  magazine  is  out,  the  bolt  carrier: 
is  to  the  rear,  and  the  selector  lever  is  on  the 
SAFE  setting.  ' 

FlklD  STRIiptlNG  THE  Nfl4  RliFLE  ^  - 

Figure  4-20  shows  how  the  ^114  rifle  break^ 
down  into  7  '^^group  asi^mblies.**  You  should  be 
able  to  disassemble  the  rifle  to  this  extent,  for 


1.  Remove  magazine. 

2.  ^Place  safety  in  safe  position  AFTER  AS- 
CERTAINING TftAT  RIFLE  COCKED. 

3.  Disengage  hooked  ei^cl  of  triggeV  guard 
from  firing  mechanism  housing.  , 

4.  Swihg,  trigger  gu^rd  away^  from  stock  (but' 
do  not, rotate  more  than  90  degree s)»  and  pull 
straight   away  from  stock  to  draw  out  firing 
mechanisnv.  '    i  \ 


To  remove  stock  with  butt  piate  assembly  after 
removing  firing  mechanism,  proceed  as  follows: 

1.  Separate  stock  with  butt  plate  assembly 
from  rifle  by  grasping  the  receiver  iirmly  with 
one  hand  and  striking  the  butt  of  the  ^tock 
sharply  With  the  palm  of  the  other.  [ 

2.  Lift  stock  .from. barrel  and  receiver  group. 


To  separate  the  operating  rod  and  connector 
group  .from  the  barrel  and  receiver  group,  proceed 
as  follows:    ^  ' 

1.  Depress  the  re'ar  sight  to  lowest  position, 
and  turn  barrel  and^receiver  group ''ori  its  side 
with  connector  assembly  upward. 

2'.  If  the  rifle  has  a  selector,  press  in  and 
turn  selector  until  the  face  marked  A  is  toward 
th^  rear  o£^  the  sig^it  knob,  and  the  projection 
forward  is  at  an  angle  of  about  35  degrees^ 
TKen  press  forward  ori*^onnector  assembly  and 
*  remove  as  indicated  in  steps  3  and  4. 

3. 'if  the  rifle  has  a  selector  shaft  lock, 
press  forward  on  rear  of  cpnnector  assembly  with 
right  thumb  as  shown  in  figure  4-2l,  until  thQ 
front  end  can  be  lifted  oif  the  connector  ilock. 
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i.  Rotate  the  connector  assembly  about  35 
degrees  clockwise,  until  the  slot  at  tlje  rear 
is  aligned  with  the  elongated  stud  on  the  sear 
releafee'(see  fig.  4-22);  tKen- lower  the  front' end 
of  the  connector  assembly  and  lift  it  off  the  sear 
release.  >  * 

The  next  stdp  is  to  remove  the  pperatingj^ 
rod  spring  guide  (no*  2  in  fig.  4-:i3),  the  operat-" 
irig  rod., spring  (np.   3  in  fig.  -1-23),  and  tiie 
operating'  rod'^  (no.  4  'in.  fig.  4-23),  as  follows: 

1.  With  the  barrel  *and'receiver  group  upside 

*  down,  pull  forward  on'  operating  jrfid  spring, 
relieving  pressure  on -the  connector  .lock  pin. 
Pull  lock  Qutward  to  disconnecjjthe.  operatijig  rod 

,  spring  guide.  *      V      '  , 

2.  Remove  operatmg  rod  -spring  guide  and 

•  operating  rod  spring.. Turn  barrel. and  receiver 
.  group  right  side  up. 


3.  Retract  operating  rod-  until  key  on  its 
lower  surface  coincides  with  notch  in  receiver. 
Lift  operating  rod  fr^e  and  pull  to,  rear, -dis- 
engaging |t  fronj  operating  rod  guide. 

To  remove  j  the  bolt  after  removal  of  the 
operating  rod,  grasp  the  .bolt  roller  that  engagels 
with'the-  operating  rod  and  slide  it  forward.  Lift 
mpwarci  -an^  outward  to  the  right  with  a  slight 
rotatink^ofiieiL  and  remove  bolt  from  receiver. 


GREH 


CUER  M7^ 


The  •grenade  launcher  M76  (lig.  4-'24)  is  an 
-extension;  to  the  MoL4  rifle.  The  barrel  of  the 
*  launcher '  contains  9  annular  grooves  numbered* 
6  to  1  an(^,  2a,  3a,  and  4a.  These  are*us§d  to 
obtain  different  ranges  when  firing  gi^enadeS' by 
placing  ^e  grenade  ^at  different  positions  on  the 
barreU  On  the  muzzle  end,  bottom  portion  of  the 
launcher,  is  a  clip-type  retainer  spring  used  to 


/ELONGATED  STUD' 


.CONNECTOR  ASSEMBLY 
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Figure  4-22.— Removing 'connector  assembly. 
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Figure  4-23.— -Component  parts  of  operating  foctand  connector  group. 
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Figui'e4-24.-r- Grenade  launchei^M76. 
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hold  the  grenade  on  the  launcher  at^a  desired 
^  position. 

Figure  4-14  shows  the  grenade  launcher  in- 
stalled on.  the  rifle.  To  accomplish  this,  install 
barjel  end  of  launcher  containing  clip,  latch  to 
flash  suppressor.  Push  clip  latoh  rearward,  se- 
curing it  to  bajonet  lug  of  the  flash  suppiessor. 

The  gretiade  launcher  sight  '  (fig,  *4-14) 
pro^des  an  angular  mejasurement  of  elevation 
4  for  firing  rifle  ^enades'  and  ^an  be  used  for 
^both  low  angle  (direct  firing)  and  high  angle 
firing,^  Figure  4-25  illustrates  the  procedure  for 
installing  the  sight.  First  install^sight  to  mounting 
plate,  aligning  notches  of  plate  with  &lick  spring 
tips  of  the  sight  as-  shown  in  A,  figure  4-25, 
Turn  clockwise  (B  in  fig,  4-25)  until  a  sight 
mark  lines  up  jvith  0  degrees  on  mounting  plate. 

Two  identical  sets  of  calibrations  are  located 
on  the  lip  of  the  mounting  plate.  Each  sfet  is, 
calibrated  in  5-degree  intervals  froni  0  degrees 
to  60  degrees  elevation,  and  each  is-jiumbered  in 
-  10-degree  intervals.  The  under  edge  of  the  Hp. 
is  serrated  to  engage  the  clicks  spring  of  the 
sight  bar  assembly.  Each  glick,is  a  5-degree 
change  in  elevation.  The  s^ght  bar  assembly 
consists  of  a  13-centimeter  (about  5-inch)  sight 
bar  with  a  front  sight  post,  a  rear  peep  sight 
mounted  on  a  sight  leaf,  a  leveling  bubble,  and 
an  elevating*  screw, 

:         ■  ■    *    • " 


The  front  sight  post  aijd  the  rear  peep  sight 
are  used  when  firing  direct  firp.  They  are  just 
lik6  the  sights  on  the  rifle  — that  is,  you  sight 
through  the  rear  peep  sight  Over  the  front  sight 
post  jatL  the  target.  At  the  rear  of  the  peep 
sight  there, are  four  1-degree  graduations,  used 
to  Hiake  from  1-degree  through  4-degree  changes  . 
in  elevation.  Five  clicks  of  the  elevating  screw  ' 
(each  click  indicates  an  elevation  change  of  12 
minutes)  mean  a  1-degr^  change  in^elevation. 

For  high-angle  fire  the  front  sight  post, 
rear  peep  sight,  and  elevating  screw  are  not 
used.  Instead,  the  sight  bar  assembly  is  rotated 
until  the  "index  line  on  the  sight  body  bracket  is 
align^d*^  with  the  appropriate  ^degree  setting  on 
the  mounting  scale  plate.  When  ydU  ar^  ^n 
firing  position,  you  raise,  or  lower  the  rifle  until 
the  level  bubble  is  centei'ed  in  the  vial.  The 
vertical  angle  of  the  Jx)re  is  now  equal  to  the 
angle  you  set  on  the  sight, 

'  The  M15  grenade  sight  can  be  adjusted  hori- 
zontally as  well  as  vertically,  Wlien  correctly 
adjusted,  the'  aiming  point  of  ^  the  direct-fire 
sights'  and  the  point  of  impact,  oi  ttie  grena(|e  will  ^ 
just,  about  coincide^  You  oriAit  thfe  grenade, 
sig^t  to  the  rifle  sights  by  the  following  procedure, 
known  as  *'zoning^*  the  grenade  siglit,  Set.the^ 
rifle  si^ghts  at  zero  elevation  and  windage,  place 
the  rifle  in  a  stationary  re^t,  select  a  distant 
aiming  point  (150  meters/i64  yards  or  more,) 


I  EAR  (PEEP)  SIGHT 


A.  AJNINaCUCK  SmlNa  TIPS  TO 
MOUNTING  fUTCNOTCHES 


B.  POSmONING  SIGHT  ON  MOUNTINOf  PIATH 


Figure  4-25,— Installation  of  g^to^iderlaunyher  sight  M15, 
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adjust  the  rifle  so  ,that  the  rifle- peep  sights 
are  on  the  aiming  point.  Then  set.tbe  peep  sight 
of  the  grenade  si^t  ^af  0  degrees  elevation,  by 
turning  the  elevating  sprew  a  sufficient  number 
of  clicks  to  align  the  sight  body  bracket  vvl».h  the 
top  or  Jg- degree  graduation  on  the  rear  of  the 
peep  sightjjand  by  rotating  the  sight  bar  assemWy 
imtil  the  index  line  on  the  sight  body  bracket 
corresponds  to  the  0-degree  setting  on  the 
mounting  scale  plate.  ^ 

Horizontal  adjustment  is  made^by  loosening 
the  two  sight  leaf  screws.  Move  the  peep  sight 
the  desired  distance  either  to  the  right  or' left, 
and  then  firnily  tighten  the  two  sight  leaf  screws. 

For  vertical  adjustmsnt  sight  through  the 
grenade  sight  and  note  whether  the  sight  is 
pointed  above  or  below  the  aiming  point.  Remove 
the.  grenadej  sight  bar  assembly  from  the  mounting 
scale  plate*  and  loosen  the  two  capscrews  on  the 
irtside  of  {he  sight  boc^bracket.  To  raise  the  point 
of  aim  of  the  grenade  sight,  turn  the  sight  bocft 
clockwise  m  relation  to  the  sight  body  brackets 
'  TS"  lowel:  the  point  of  aim,  turn  the  sight  body 
counterblockwise.  in  relation  to  the  bracket. 
Tighten  the  two  capscrews  and  replace  the  sight 
bar  assembly  on  the  rifle*  Verify  the  point  of 
aini  of^the  grenade  sight.  Repeat  this  process 
until^  the  grena(^*'sight  i^  set  on  the  same  aiming 
point  as  the  rifle  sight. 

GRENADE  FiRING%ITH  THE  M14 

Before  placing  the  grenade  on  the  launches, 
you  load  the  rifle  with  the 7.62-mm rifle  grenade 
cartridge  M64.  Do  not  remove  the  safety  pin  of 
the  grenade  until  you  are  ready  to  fire.  To 
remove  the  pin,  grasp  the  grenade  with  the  left 
hand  and  remove  the  pin  with  the  right  hai>d. 
Inspect  the  grenade  again  to  ensure  that,  tjie 
safety  lever  is,  not  bent.  A  bent  safety  lever 
permits  abnornial  movement  of  the  ^striker.  If 
abnornial  movement  has  occurred,  unlock  eCnd 
fire  the  rifle  immediately. 

After  the  safety  pin  is  removed,  the  safety 
lever  is  field  in  place  by  the  arming  clip  of  the 
adapter.  When  the.  grenade  is  Sired,  the  arming 
clip  tends  lo  rerr>aftv  in  place  tfecause  of  inertia. 
The  ajsrrilng  clip  strikes  the  small  extension  on  the 
bottoni  of  the  arniing  clip  retainer.  Because  this 
extehsion  ^s  made  of  brittle,  metal,  the  force  of 
the  arming  clip  against  it  will  break  it  and  allow 
the  arming  clip  to  fall  free.  This  action  re- 
lea£»e&  the  safety  lever  and  allows  the  fuze  to 
function;  After  the  normal  delay  interval,  the 
fuze  win  function  and  the  grenade  ^will  e;q)lode. 


^Positions  for  Low  Angle  Fire         .  , 

You'  hiay^  fire  rifle  grenades  $t  low  angle, 
jii^ect  fire  taxgets  from  the  standing,  kneeling, 
arid  prone  positions,  E\cept  in  the  prone  posi- 
{ion,  fire  the  rifle  with  the  bUtt  against  the 
right  shoulder.  Thi3.  allows  you  to  see  the  target 
through  the^  resu^  p^ep  sight  over  the  front 
sight  post  of  the  M15  sight*  Do  nOt  fire  frqm 
the  shoulder  whendn  prone' position  because,  in 
this  position,  your  body,  cannot  move  back  to 
absorb-  th^  recoil.  Use  a  butt,  fest  when  firing 
from  the  prdne  position'..  Even  in  the  othef 
positions>  ^re  from  the  shoulder  only  when  your 
body  can  move  freely  with  the  recoil. 

Do  pot  use  the  sling  when  firing.at  low  angle, 
direct  fire  targets  using  the  MX5  sight.  Hold- 
the  rifje  firmly  with  the  |eft  hand  near  the  upper 
.sling;  swivel  and  the  right  bctnd  at  the  small  of 
the  stock.  Hold  the  left  efbow  well  und.erneath 
the  weapon  and  fexert  pressure  to  pullJthe  butt  of 
the  rifle  snugly  into  the  right  shoulder  or  against, 
.  the  butt  rest..  Hold  ypur, right  ^umb  alongside 
the  right  side  of  the  stock,  not  arou^id  the  top 
of.  the   small  of  the   stock.  Keep  your  head 
slanted  slightly  to  the  left,  well  away  from  the 
^Jgi^ht,  to  prevent  possible  injury  when  the  rifle 
J^coils.  .       '  . 

^  For  -Standing  position  fire,  face  the  target, 
execute  a  half  right  face^^and  spread  yoi^r  feet 
tjj^comfoi/table  distance  apart  (about  30  inches). 
•Rotate  tie  rifl^  on  its  right  aide,  receiver  away 
from/  you,  so  that  when  you  grafep  it  with  your 
left  hand,  your  fingers  will  be  well  over  the  top. 
Your  left  hand  should  be  at  least  2  inches  beiow 
the  upper  sling  swivel  to  ensure  that  the  swivel 
will  not  recoil  against  you?  hand,*. 

Without  cMnging  the  grip  of, your  left  hand, 
rotate  the  Mtt  of  the  rifle  into  your  i>ight 
shoulder.  The  fingers  of  your  left  hand  shoiUd 
now  be  well  over  the  top  of  the.  Jrtfle,  and  yooir 
left  elbow  should  b^  well  underneath  the  rifle, 
po  not  allow  ^iie  rifle  to  cant!  to  either  side. 
Hold  your  right  elbow  at  the  height  of  your  right 
shoulder  or  ^above  to  form  a  pocket  for  the  butt 
6i  the  rifle,      >  ,  ■ 

Rlace  youf  right  hand  at  the  sftiallofthe  stock 
with  your  right  thumb  alongside  tfte  right  side  of 
the  stock.  Slant  your  head  slightly  to  the  left 
so  that  you  can  see  through  the  sight,  but  DO  NOT 
PLACE  YOUR  EYE^ClfOSE' ENOUGH  TO  THE 
SIGHT  TO  HAVE  IT  HIT  DURING  THE  RECOIL, 
Lean  into  the  rifle  with  your  left  leg  bent  and 
your  right  leg  straight  but  not  stiff.  Lean  forward 
with  the  whole^.  body,  not  just  with  the  part  above 
the  hips.  Tl)is  will  allow  your  whofe  body  to  rock 


106 


»  Chapter  4t-SIVLJiLL  ARMS  AND.  MACHINEGUNS 


back  as  it  absorbs  the  recoil.  Traclsj  a  moving 
target  by  pivoting  evenly  and  smootUly  at  the 
waist,  . 

For  kneeling  position  fire,  face^  the  target, 
execute  a  half  right  face,  and  kneel  on  your 
right  knee"  with  the  lower  part  of  your  left  foot 
pointing  generally  toward  the  target.  Do  not  sit 
on  your  right  heel  and  do  not  use  your  left  knee 
to  support  your  left  elbow.  Such  positions  mfike 
it  difficult  to  track  a  moving  target.  IPlace  the 
rifle  to  the  shoulder  in  the  same  manner  as  for 
the  standing  position.  Lean  well  forward  so  that 
you  can  rock  back  with  the  recoil.Track  a  moving 
target  by  pivoting  evenly  and  snioothly  at  the 
waist.  ^ 

For  grenade  firing  with  the  M14  the  prone 
position  has  several  disadvantages,  and  it  should 
therefore  be  used  only  when  necessary.  You  must 
use  a  butt  rest,  such  as  a  tree  stump  or  a  hole.iil 
the  ground  because,  il  you  fired  the  rifle  from 
the  shoulder  in  the  prone  position,  you  could  not 
rock  back  to  absorb  the  recoil.  Besides,  it. 
would  be  difficult  to  see  throug  the  M15  si^ht  or 
to  track -a  moving  target.  When  you  assume  the 
prone  ptfeition,  place  the  butt  of  the  rifle  against 
any  handy  Kest  andyour  rightforearm  over  the  top 
of  the  butt  of  the  rifle  to  hold  it  in  the  firing 
position.  Do  not  allqw  the  rifle  to  cant  to  either 
side.,  *       "  ' 

Positions  for  High  Angle  Fire 

\ou  may  use  either  Ihe  kneeling  or  the  sitting 

^position  for  high  angle  fire.  . 
•   por  the  kneeling  position,  face  the  target  and 
kneel  on  ypur-  right  knee,  keeping  the  left  foot 

'  pointed  in  the  direction  of  the  target.  Because 
you  do  not  track  moving  taxgetsj^vith  high  angle 
indirect  fir^,  xou  may  sit  on  your  right  heel  and 
use  youp  left  knee  to  support  your  left  elbbw. 
Place  th(B  butt  of  the  rifle  on  the  ground  against 
youi:  right  knee.  Gra^  the  rifle  near  the  upper 
sling  swivel  with  your  left  hand  and  at  the  small 
of  the  stock  with  your  right  liand.  Your  right 
thumb  should  be  against  the  right  side  of  the 
^stock.  • 

Rest  your  weight  on  your  right  heel.  After 
placing  the  correct  sight  setting  on  the  sight, 
lower  the  rifle  and  sight  along  the  barrel  toward 
the  target  to  oljtain  the  correct  deflection.  Then 
raise  the  rifle  muzzle  slowly  until  the  l^veli  ^ 
.  bubblfe  is  centered  in  its  vial.  Lower  your 
head  before  firing  to  prevent  any  blow-back  from 
striking  you  in  the  face. 

•    ■  For  the  sitting  position  you  face  the  target 
and  sit  down,  keeping  your  right  leg  flat  on  the 


ground  and  pointed  toward  the  target.  Cros/s  your  * 
left  leg  over  the  right  knee  so  that  your  left 
knee  will  support  yoCir  left  elbow.  Place  th©^ 
butt  of  the  rifle  beside  your  right  hip.  Grasp 
the  rifle  near  the  upper  sling  swivel  with  your 
left  hand  and  at 'the  small  of  the  stock  with  your 
ight  hand.  Your  right  thumb  should  be  against 


ri_ 

the  right  side  of  the.  "stock.  You  may  then  sight  , 
^  for  deflection,  center  the  leveling  bubble,  lower 
your  head,  and  fire  when  ready. 

GUN  MAINTENANCE 

Tlfe  cleaning,  preservation,  and  car.e  given  an 
M14  rifle  are  determining  factors  in  tJle  operation 

-  and  shooting  accuracy  of  the  weapon.  You  iiave/* 
undQifotedly  heard  that  **an  ounce  of  prevention  is 
vvorth'a  poun^  0f  cure*^  This  can  aptly  be  applied 
to  the  maintenance  ot, not. only  the  M14  rifle  but 
to   alj  ordnance  we^ons'and  equipment.  To  ' 
properly  maintain  tHs  weapon,  ^  system  of 

«  preventive  maintenance  must  be  employed.  If  the 
3-M  system  has  been  implemented  on  your  ship 
or  station,  the  maintenance  procedures  as  set 

»  forth  .on  fhe"  Maintenance  Requirenient  .Cards 
(MRCs)  must  be  foUoweld.  If  the  3-:M  system  has 
not  been  implemented,  the  procedures  outlined 
in  9-1005-223-12  may  be  used  as  a  guide 
in  setting  up  your  procedures.  . 

'Preventive   maintenance  is  the  systematic 
care,  inspection,  aod  *  servicing  of  material  to 
•   maintain'  it  in  a  serviceable  condition,  prevent' 
breakdowns,  and  assure 'toper^tional  readiness. 

'  To  maiimain  the  M14  rifle  in  a  st^teof  reacjiness, 
the  weapon  must  .be  serviced  (including  lubr^cap 
tion)  ^ach*time  it  is  used  and  periodically  when 
.in  stow£^.  : 

Inspections  of*  the  weapon  are  an  important 
part  W  preventive  medntfenance.  Inspections  to 
see  if  items  -  are  in  gtfod  condition,  correctly 
asserSbled,  secure,  not  worn,  and  adequately 
lubrid^ted  apply  to  most  items  in  preventive 
maintenance  procedures. 


Cleaiung  and  Care  , 

IqCpnediately  after  flring,  t^b roughly  clean  the  ^ 
rifle  ^re  with  a  stiff  wire. bore  brush  saturated 
with  ^IIL-C-372  bore  cleaning  solvent;  Ensure 
that  ai  surfaces,  incluc(^g  the  rifling,  are  well 
cpat^i  with  the  compound.  After  cleaning  with 
^MIl4:;-372,  sWab  the  bore  with  flannel  cleaning  i 
patchW.maJcing  certain  that  no  trace  of  burned 
pow4&r  or  other  foreign  substance  remain  in  the 
bore^  then  apply  a  light  coat  of  PL  speciali 
general  purpose  lubricating  oil* 
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Clestn  chamber  with  a  special  cleaning  brush, 
The  brush  Is  attached  to  a -special  ratchet  into 
which  is  inserted  a  section  of  cleaning  rod  that 
.  is  used  as  a  handle. 

The  steps  in  cleaning  the  chamber  are  as 
follows:  '  <  .  ^ 

^  • 

1.  Remove  the  magazine,  . 

2«  Apply  a  Ught  coat  dt  CR  t9  the  chamber, 

3,  Withdraw  the  bolt  to  the  rear  engaging  bolt 
lock,  and  hold  bolt  lock  in  the  open  position, 
-      4,  Insert  brush  into  the  chamber, 
,      5,  Pull  operating  rod  rearward,  release  bolt 
^lock,  and  eafee  the  operating  rod  afid  bolt  fully 
forward,  seating  brush  in  the  chamber, 

6,  Move  han^e  of  ^the  ratchet  base  from  side 
to  side^  sevei*al  times, 

7,  Grasp  the  opera^ng  rod  to  release  tension 
oiv  bI^lsh  and  remove  brush  from  the  chamber, 

8,  Wipe  CR  compound  from  the  chaniber  and 
apt)ly  a  light ^bat  of  PL  special,  generat  purpose 
lubricating  oil  to  the  chamber  and  close  bolt. 


i  • 

Make  certain  all  metalparts  have  been  cleaned 
with  SD,  dr>  cleaning  solvent  P-D-680,  and  dried 
thoroughly.  Apply  a  light  coat  of  preservative, 
PL  spejcial,  general  purpose  lubricating  oil.  Apply 
.a  light  coat  of  rifle  grease  lubriplate  130A  to 
the  following  surfaces: 

1,  Locking  lugs  of  bolt,  operatin^\  lug,  and 
recesses, 
-  2,-' Bolt  guide, 

'3,  Anti-friction  roller  on  bolt, 

4,  Operating  rod  guide  grooye  on  side  of  the 
receiver. 


THE  M16A1  RIFLE  •  >  ' 

The  rifle,    M16A1  (fig.  4-26),  is  a  5,56-mm 
(about  ,22  caliber)  magazine-fed,  gas-operated, 
^  air-cooled  shoulder  weapon.  It  is  designed  for 
either    semiautomatic    or  full    automatic  fire 
through  the  use  of  a  selector  lever. 


CHARGINp 
HANDLE 


BU^BER  I^ECOIU 
PAD 


.U^PER  * 

SUNG      sl.l^G '  ■ 

,  SWIVEL 


BAYONET 
STUD  4 


^dCK  REAR  . 

^^^/^^  /         .  GUARD 

SWIVEL     PISTOL  GRIP 


^   figure  4-26.— Rifle,  5.56-mm,  M16A1,  left  and  right  side  views. 
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The  M16A1  rifle  offers  grenade  launching 
capabilities.  Grenade's  launched  from  the  rifle 
include  pyrotechnics  and  signal  devices  for  com- 
munications, harassing  agents,  and  high  explosive 
ammunition  against  enemy  personnel,  bunkers, 
and  armored  vehicles. 

CAUTION:  When  firing  pyrotechnics  and  rifle 
grenades,  observe  the  /ollowing  restrictions: 

^    -  .  ' 

a.  Pyrotechnics  and  rifle  grenades  will  not  be 

fired  with  the  butt  of  the  weapon  against  the 
,  shoulder  or   any  other  part  of  the  body. 

b.  Firing  ovei*  the  heads  of  friendly  troops 
should  be  ^avoided. 

c.  Under 'ho  circumstances  should  the  M19A1- 
or  M19A2  signal  parachute  illumination,  or 
the  M64  signal  ground  smoke,  be  launched 
from  the  M16A1. 

fjf 

The  following  grenades  are  authorized  fqruse 
with  theoMlGAl  rifle  with  the  use  of  additional 
accessories: 

*  a.  Rifle  Grenades. 

(1)  M19A1  WP. 

(2)  M22A2  smoke  series. 

(3)  M23  smoke  streamer  series. 

'  '  A  '^clothespin'*'  bipod  shown  in  figure  4i27  is 
used  in  the  prone  and  foxhole  positions.  The 
bipod  is  attached  to  the  barrel  directly  beneath 
the  front  sight  between  the  bayonet  lug  and  the 
front  sling  swivel. 

CLEARING    THE  M16A1  RIFLE 

»' 

The  first  consideration  in  handling  any  weapon 
is  to  make  it  safe  b>  clearing  it.  To  clear  the 
M16A1  rifle,  place  the  butt  against  the  right 
thigh  and  proceed  as  follows: 


!•  Attenipt  to  point  the  selector  lever  toward 
SAFE,  the  position  shown  in  figure  4-28.  If  tne 
weapon  is  not  cocked,,  the  selector  lever  cannot 
be  pointed  toward.  SAFE.  If  this  is  the  case,  do 
nol  cock  ,  the  weapon  at  this  time;  instead,  go 
on  to  the  next  step  in  clearing. 

2.  Ifemove  the  magazine  as^shown  in  figure 
4-29.  Grasp  it  with  the  right  hand  (fingers  curled 
aroimd  the  front  of  the  magazine,  thumb  placed  on 
magazine  catch  button),  apply  pressure  on  the 
magazine  catch  button  with  the  thumb,  and  pull 
the  magazine  straight  out  of  the  weapon. 


84.352 

Figure  4-27.— Attaching  * 'clothespin**  bipod  to 

rifle. 


J     *  29.346 

Figure  4-28.— Selector  lever  pointing  to  SAFE. 
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29.34b 


Figure  4-30.  — Pulling  the  charging 
handle  rearward/ 


.  ^  .  ^      29  Ml 

Figure  4-291  — Removing  the  magazine. 

3.  Lock  the  bolt  open  as  shown  in  figures 
4-30  and  4-31,  Grasp  the  charging  handle  with 
thumb  and  forefinger  of  right  hand,  depress  the 
charging  handle  latch  with  right  thumb,  and  pull  to 
the  rear'  (fig.  4-30)/  When  the  bolt  is  a^the 
rear,\press*  the  lx)ttom  of  the  bolt  catch  with 
the  thumb  or  forefinger  of  the  left  fiand  (fig. 
4-31).  Allow  the  bolt  to  move  slowly  forward 
until  it  engages  the  bolt  catch,  and  return  the 
charging  han(Jle  to^ts  forward  position. 

4.  Inspect  the  receiver  and  chamber  of  the 
weapon  by  looking  through  the  ejection  port  to 
ensure  ^that  the^  spaces  contain  no  ammunition; 

5.  Check  the  selector  lever  to  ensuffe  that*it 
points  toward  SAFE,  and  then  allow  the  bolt  to  go 
forward  b>  depressing  the  upper  portion  of  the 
bolt  catch. 

CAUTION;  The  selector  must  be  in  the  SAFE 
position  to  prevent,da:i*age  to  the  automatic  sear. 

FIELD  STRIPPING  THE  MlSAl  RIFLE 

The  inc|ividual  ,GM  is  authorized  to  disassen*ble 
the  MJLt  tc  the  extent  called. "field  stripping/* 


29.»9 


figure  4-31.  —  Locking  the  bolt  open. 


Field  stripping  can  be  accomplished  without 
supervision  and  is  adequate  for  normal  mafn- 
t^nance.  As  the  weapon  is  disassembled,  the 
parts  should,  be  laid  out  on  a  table  or  other 
clean  surface  in  the  order  of  removal,  from  left 
to  right.  This  makes  assembly,  easier  because 
*^the  parts  are  assembled  in  the  reverse  order 
of  disassembly^  N'om^clature  (the  names* of 
the  parts)  should  be'  learned  as  the  weapgn  is 
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disassembled  and  assembled  to  enable  the  Gun- 
ner's Mate  to  better,  understand  the  function  of 
parts  in  the  weapon. 

The-  steps  in  field  stripping  are^  as  follows: 
*  *" 

1.  Remove  the  ySling  and  place  the  rifl^  on  a 
table  or  flat  surfafe,  muzzle  to  the  left. 

2,  Keeping  the  muzzle  to  the  left»  turn  the 
weapon  on  its  right  side.  Use  the  nose  of  a 
csirtridge  to  press  the  takedown  pin  (fig.  4-*32) 


^  "  29.350 

Figure  4-32.  —  Pressingtakedownpinto  the  right, 

.  imtil  the  upper  receiver  swings  free  of  the 
lower  receiver  (fig.  4^-33),  CAUTION:  The  take- 
down pin  does  not^  come  out  of  the  receiver. 

3.  Again  using  tiie  nose  of  a  cartridge,  pre*ss 
the  req^iver  pivot  pin  (fig.  4-34).  Sepaj^ate 
the  upper  and  lower  receiver  groups  (fig.  4-35) 
and  place  the  lower  receiver  group  on  the  ta^Jle. 
CAUTION:  The  receiver  pivot  pin  does  not  come 
out  of  the  receiver. 

4.  Pick  up  the  upper  receiver  group; -keep  the 
muzzle  to. the  left.  Grasp  the  charging  handle, 
pressing  in  on  the  latcb,  and  pull  to  the  rear 
(fig.  4-30)  to  withdraw  the  bolt  carrier  from  the 
receiver.  Grasp  the  bolt  carrier  and  pull  it 
from  the  receiver  (fig.  4-36)/  t^hen  the  bolt 
carrier  is  removed,  the  charging  handle  will 
fall  free  ^Of  its  groove  irf'^Jthe  receiver  (fig, 
4-37).  Place  the  receiver  on  t^ble. 

5.  To  disassemble  the  bolt  carrier  group, 
press  out  the  firing  pin  retaining  pin  by  using 
.the  nose  of  a  cartridge  (fig.  4-38}.  Elevate  the 
front  of  the  bolt  carrier  tod  allow  the  firing 
pin  to  drop  from  its  well  in  the  bolt  (fig.  4-39).. 
Rotate  the  bo^t  imtil  ttie  cam  pin  is  clear,  of  the 
bolt  carrier  key  and  remove  the  cam  pin  by 
rotating  it  90  tlegrees  {l/4-tum)  and  lifting  it 
out  of  the  welj  in  the, bolt  and  bolt  carrier  (fig. 
4-40).  After  the  cam' pin  is  removed,  the  bolt 
can  be  easily  removed  from  its  recess  in  the 

*  bolt  carrier  (fig.  4-41). 
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Figure  4-33.— Breaking  upper  receiver 
away  from  lower  receiver. 


5  29,352 
Figure  4-34. — Pressing  out  receiver  pivot  pin. 
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Figure  4^35. — Upper  and  lower  receiver  groups. 
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Figure  4-36.—  Removing  bolt  carrier  from  re- 


29.356  ^ 


"CHARGING 
HANDLE 


Figure '4- 38.— Pressing  out  firing 
pin  retaining  pin. 


,  OPERATING  THE  M16  RIFLE 
Loading  the'^^agazine 


The  magazine  has  a  capacity  of  20  rounds 
and  may  be  "-loaded  witii  any  amount  up  to  th^t 
29.355  •    capacity.  The  magazine  fpllower  has  a  raised 
Figure^ST.  -  Removing  the  charging  handle.       portion  generally  resembling  the  outline  of  a 
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"    '  29.357 
Figure  4-39.— Removing  the  firing  pin. 


cartridge.  Cartridges  are  loaded  into  the  maga-  ^ 
zine  so  that  the  tips  of  the  bullets  point  in  the 
same  direction  as  the  raised  portion  of  the 
follawer  (fig.  4-42). 

A  magazine  charger  and  magazine  charger 
strip  (fig.  4-43)  are  provided  to  facilitate  loading 
of  the  magazine. , The  magazine  charger  is  con- 
nected to  the  magazine  and*  fully'  seated;  Th6 
charger  strip  is  inserted  into  the  m^azine 
charger  until  fully  seated.  Pushing  on  the, top 
cartridge  will  force  Cartridges  into  the  magazine. 

Loading  the  Rifle  .  • 

\Mth  the  han.mer  cocked,  place  the  selector 
lever  on  SlVFE.  The  magazine  may  be  inserted 
\^th  the  bolt  either  ppen  or  closed;  however, 
you  s];iould  learn  to  load  witl)  the  bolt  open. 
This  reducel»  the  possiljilLfcy  of  a  first-round 


C*AM  PIN 
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,  Figure  '4-40.—  Removing  the  cam  pin. 


.    'v  "  '29.35aK 

Figure  4-41.  — Removing  the  bolt.  ^ 


stoppage  and  saves  the  time  required  to  chamber 
the  first  ,  roxmd  by  pulling  back  the  charging 
handle. 

Open  the  bolt  and  lock  it  open  a6  previously 
described.  Hold  the  stock  of  the  rifle  umier 
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'    ^  .  29.360 

Figure  4-42,— Loading  cartridges  into  magazine. 


the  right  arm  with  the  right  hand  grasping  the 
pistol  grip,  and  point  the  Jmuzzle  in  a  safe 
direction.  With  the  left  hand,  insert  k  loaded* 
Hiagazine  into  the  msigazine'  feedway.*Push  up- 
ward..  until  the  magazine  catch  engages  and 
■  holds  t6e  .magazine.  Rap  the  base  of  magazine 
'^•^ sharply  .'With  ther  heel,  of  the  hand  to  ensure 
positive  -retention.  Then  release  the  bolt  by 
depressing  the  upper  portion  of  the  bolt  catch 
previously  described*  The  bolt,  as  it  rides 
forwfird,  .vill  chamber  the  top  round. 

If  >ou  load  the  'rifle  with  the  bojt  closed, 
.>ou  chaniber  the  top  found  by  pulling  the  charging 
haneile  fully  to*  the  rear  and  releasing  It.  NOT'E: 
Do  not  **ride''  the  charging  handle  forward  with 
the  right  hand.  If  th,e  handle  is  eased  forward 
f^om  the  open  position,  the  bolt  may  fail  to  lock. 
If  the  bolt  falls  to  go  fully  forward,,  strike  the 
forward  assist  assembly  (fig.  4-26)  with  the  .heel 
of  the  right  hand.  , 

\ 


.     •  ,  84.353 

Figure  4-4C3.— Loading  cartridges  into  magazijae 
with  magazine  loading  strip  and  charger.. 

,  Unloading  the  Rifle        /     .  '  . 

To  unload  the  rifle  and  make  it  safe, place  the* 
'  selector  lever  on  SAFE*  pjpess  the' magazine  catch 

button' and  remove  the  magazine,  pull  the  charging 
.   handle  to  the  rear,  inspect  the  chamber  to  ensure 

it       clear,  lock  the  bolt  carrier  to  the  rear  by 

depressing  the  lower  portion  of  the  bolt  catch,  and 

jfetilrn  the  charging  handle  forward. 

The  rifle  is  clear  (and  therefore  safe)  ONLY 
when  no  round  is  in  the  chamber,  the  magazine  is, 
out,  the  bolt  carrier  is  to  the  rear,  and  the-** 
^»selector  lever  is  on  the  SAFE  setting. 
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Figure  4-44. — Remington  M870  shotgun. 


GUN  MAINTENANCE 


A  clean,  properly  lubricated,  and  maffitained 
M16  rifle  will  function  properly  and  fire  accurately 
when  needed.  To  keep  the  rifle  in  good  operating 
condition,  it  must  be  properly  cared  for  and 
maintenance  ^performed  according*  to  set 
procedures.  The  .procedures  for  the  care  and 
cleaning  of  the  rifle  can  be  found  s>n  the  S-M 
System  Maintenance  Requirement  Cards  (if  im- 
'  plementejcl)  or  in  the/Army»s  FM  23-9.  Main- 
tenance of  the' ^16  rifle  is  generally  the  same  as 
for  other  small  arms  previously  discussed.  The 
bore  and  chamber  .-must  be  kept  free  of  residue 
and  foreign  matter.  Inspect,  while  cleaning  and 
lubricating,  all  sliding  or  working  surfaces  for 
burrs,  cracks  or  worn  areas  (repair  or  replace 
as*  necessary)  and  lubricate  with  a ^  thin  film  of 
lubricsastv  Reipiove  plirtVrust,  grit,  gummed  *oil,  * 
and  water\s^ese  will  pause  rapid  deterioration 
of  the  inner  mechanism'  arid  outer*  surfaces. 


0  SHOTGUNS 


*.  I 


Shotguns,  tised  by 'the  armed  forces  are  not, 
specialized  military  weapons  but  civilian  models 
procured  for  certain  use  such  as  guard  woi'k  and 
skeet  shooting.  The  armed  forces  use  a  variety 
of  makes  and  models  of  shotguns.  The  Na^,. 
however,  has  adopted  the  Remington  M870  as  its 
standard  shotgun.  \  * 

In  this  section  we  will  taKe  up  the  functioning, 
constfuction  features{  and mai;itenance  inspection 
of  the  Standard  issue  shotgun  you  will  most  likely 
encounter  in  the  fleet— the  Remington  Model  M870 
(f^g,  4-^44).  ^< 

"     /      "  .J 
REMINGTON  SHOTGUN  M870 

Now  let^s  go  into  a  little  detail  on  the  M870 
-shotgun  used  by  the  Navy  for  guard  work  and  skeet. 


shooting.  'This  is  a  manually  operated,  pump 
action,  magazine  fed  (tubular),*  shoulder  type 
weapon.  ^  ^ 

Technical  DescripJtion 
Length  of  shotgun     '      41-3/4  inches  (approx) 


Length, of  barrel 

M8Lgazii;ie'  capacity 
rounds 

r' '  ' 
SheU  (gage) 

Ammunition 


21  inches"  (approx) 

12  gage  2-3/4*»  Stand-^ 
ard  velocity  and  2-3;6^» 
Magnum  shot  shells  \ 

Crc^S'sixDlt  type  ^ 

Pl^n  Beaver  talt  style^ 


Safety 

Fore-end 
Fuhlptioning'of  Remington  M870  ^ 

Safety— Before,  loading  of  unloading,  push 
safety  (fig.  4-45)  across  rear  of  ^trigger  left 
to  right  to  ON  SAFE  position.  Red  band  on  safety 
will  not  show.  ,  " 

Fire  ppsition  —.Push  safety  across  to  FIRE 
position.  Red  band  marking  wili  show.  Trigger 
can  then  be  pulled  to  fire  the  gun.  ^ 

Single  load— Push  safety  ON  SAFE.  Press  in 
the  action  bar^  lock'  (fig.  4-45)  arid  pull  the  fore- 
end  fully  to :  the  rear.  Place  shell  into  open 
ejection  port  upOn  downthrust  carrier.  Slide 
fore-end  towai'd  the  muzzle  to  load  s^ell  into 
-the  barrel  chanaber  and  lock  ?LCtion^  closed. 

Magazine  load-r-JB^^sh  safetj;  ON  SAFE.  Slide 
fore-end  completely  forward  to' close  the  action. 
Turn  gun  bottom  upward  and  ^ress  shell  against 
carWef  then  :i!^^d  fully'  into  the  magazine. 
Make  sure  that  the  rinv  of  the  shell  snaps  past 
shell  latch  to  prevent  shell  from  Bliding  back 
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TRIGGER 

PLATE 

PtNS 


BftCECH  BOLT 
EJECTION  PORT. 


CARRl€ft 


84^355 


Figure  4-45.  — R^min^tOn  M870 
receiver  nO^jicl^oture,' 


«  over  carrier.  Should  thi^^occur^^  forcefully  open 
action  or,  if  necessary,^  ^remove  trigger  plate 
assembly  (fig. '4-46]r  if  g^n  is  cocked  to  reii>ove 
shell.        *  f 

Load  barrel  from  magazine -rShells  can  be 
fed  from  loaded  niagazine^^.b>  simply  pumping  the 
fore-end.  Press  in.  the  aoj|on  bar  loqk  (fig.  4r45) 
-         if  the  gun  is  cocked.  PuiripHhe  forjer^nd  back  and 
\'i      forth  to  open  and  close  the  |iction.  . 

Unload  gun  — Push  saj[etY  ON  SAFE.  Press 
in  the  action  bar  lock;  piil  fore-end  (fig.  4-47) 
slowly  rearward  until  fx%nt  end  of  shell  from 
barrel  is  even  with  ejection  port  .in  receiver, 
.  .  Lift  front,  of  shell  outward  and  remove  fro^n 
ejection  port.  Continue  pulling  fore-end  bacl^ 
fully  until  next  shell  rjeleases  from  magazine. 
Roll  gun  sideways  to  allow  released*  shell  to 
drop  from  ejection  port.'^osetacti^  by  pushing 
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Figure  4-46.— Remington  M87t)  trigger  | 
plate  assgmbly. 


LOCKING  BLOCK 


BREECH  BOLT 


ACTION  BARS 


FORE^-£NO 


Fi^re  4-47.— Remington  M870 
fore-end  assembly. 


84,357 


sfarward  on  fore-end.  Continue  this  same  method 
untiV  magazine  and  gun  are  empty,   ,  .  • 

CAUTICJN:.  Open  action  and  check  shell  cham- 
ber in  breech  and  magazine  to  make  sure  no 
rounds  remain  in  gun.  <  ^ 

,  Unload  barrel  only— Push  safety  ON.SiVI<;E. 
Press  in  the  action  bar  lock  and  pull  for^Brend' 
rearwEird  until  front  end  of  shell  from  barrel  is 
even  with  front  end*  of  ejection  portiftift  front 
end  of  shell  from  receiver  as  described  pre- 
viously. A  shell  with  different  powder  and  shot 
combination  may  then  be  placed  in  chamber  and 
action  closed  without  disturbing  shells  in  the 
magazine,  \  . 

Remington  1^870  Operating  Cycle 

To  fully  understand  an  operating  cycle  of  the 
shotgurj  M870,  it  is  necessary  to  know  the  names 
and  general  function  of  the  gun's  parts.  To  be- 
*  come  more  familiar  with  the  parts  during  our 
discussion  of  an  operating  cycle,  refer  to  figure 
4-48A,  the  individual  parts  breakdown,  andfigure 
4-48B,  the  accompanying  parts  list. 

The  ehtire  operating  cycle-  o^  the  shotgun 
M870  is*compieted  by  pulling  the  trigger,  sliding 
fore-end  rearward  to  open  action,  and  forward 
ag^n  to  close  the  action.  The  fore-end  is  mounted 
on  double  action  bars  and  is  fully  control|ed  and 
operated  by  the  fehooter. 

Assuming  the  magazine  is  loaded  and  one  shell 
is  in  the  chambpr  and  locked,  the  gun  is  ready 
to  fire.  The  tiring  cycle  is  as  follows:  & 

IfIRING— With  the  cross  bolt  safety  pushed 
to, fire  position  (red  band  sho\ying),  the  gun  is 
fired  by  pulling  the  trigger.  The  top  part  of 
the  trigger  rotates  foi'ward  carrying  the  right 
connector,  in  ready  position,  forward  against 
the  sear.  This  movement  pivots  the* sear  out 
bf  engagement  with  the  hammer.  The  released 


116 


Chapter  '4— SMALL  ARMS  AND  MACHINEGUNS 


hammer  with  force  from  the  spring  loaded  ham-, 
mer  plunger  strikes  the  firing  pin*whichi3|)inned 
in  the^reech  bolt  and  spring  retracted,  Tlie 
firing  pin  strikes  the  primer  tad  ignites  the 
powder  charge.  During  the  upward  movement 
of  the  hammer,  it  efigages  the  action  bax^ock 
just  before  it  strikes  the  firing  pin.  Downward 
movement  of  front  6f  the  action  bar  lock  ,is 
restrained  until  pressure  against  it  is  briefljr 
released  by  the   shooter  as  his  arm  recoils 
rearward,  \^fi^^bn  action  bar  lo6k  is  released, 
forward  end 'of  the  action  bar  lock  is  lowered 
from  its  position  at  rear  of  left  action  bar  aijd 
the  rear  section  rises*  and  lifts  the  left;,  con- 
nector '  which  lifts  thp  ri^ght  connector '  from ' 
contact' with  the,  sear,  Thi^cdmpletes  the  Vlock*^ 
or  firing  mechanisiTi  :(iring  cycle.  The 'action  blx 
locki  serves  a  two-fold  purpose.  It  serves'^  as  a 
saf^fy  ^f^ature  that  disconnect^  the  trigger  as-  - 
sembly  and  sear  until  <a  sheir  is  fully  sealed  in 
the  chamber  and  .the  breech   mechanism  again, 
is  ready  for  firing  and  locks  the  action  closed. 
After  pulling  the  trigger,  pulling  thq  fore-end 
rearward  'will  opeji  the    action  and  accomplish 
Unlock,  Extfa'ct,  , Eject,  Cock  and  Feed 'cycles, 

UNLOCK— ; The  inition  rearward  movement 
of  the  fpre-end,  after  shell  has  teen,  fired, 
carries  the  slide  .to  rear  of  the  breech  bolt.  As 
the  breech  poM  pasfeea  to  the  rear,  the  slide 
cams  the  locking  block  from  recoil  shoulder  of 
barrel,  Tfijls  movement  unlocks  the  apti^on  and 
cams  the  firing  pin  to  the  rear  where  it  is  locked 
an4  preve^nted  from  protruding  through  the  bolt 
face, 

EXTRACT— pontrnued  rearward  m(^va*nentof 
the  foreTend  opens  the  action.  The  breecb  bolt 
moves  back  and  the  fired  shell  is  extracted  from 
the  chamber,  Th^extiractor  claw,  which  overhangs 
the  bolt /face,  grips  rim  of  shell  tightly  as 
.extraction  progresses*  Pivot  pressure  is  exerted 
on  rear  of  extractor  by  extractor  plunger  and 
spring, 

EJECT -^As  the  extracted  •  shell  clears  the 
chamber,  its  base  engages  a  shoulder  on  rear  of 
the  ejector  spring,  v^hich  is  located  on  left  side 
of  receiver.  This  pivots  the  shell  so  its  front 
.end* is  ejected  first  throuj|Ji  the  ejection  port, 

COCKING  —  Before .  ejection  occurs,  the 
breechbolt  in  its  rearward  travel  forces  the  ham- 
mer down  against  the  coiled  hammer  spring  to 
engage  the  sear.  Sear  sjiring  pressifi^  locks  the 
sear  ^n  a  notched  position  against  the  cocked 
hamrfter. 


FEEDING— The  fmal  movement  of  fore-end 
carries  the  slide,  breech  bolt  assembly,  anfl 

flocking  block  to  Jthe  rear  of  the  ieceiver*  Term- 
ination of  this"  rearward  stro)ie  also  permits  the , 
left  action  bar  to  cam  the  ^  left  shell  latch,  iiv^ 
turn  releasing  the  first  sh^ll  from  thfe  msigsizipe/ 
Yhe  released  shell  is  forced  from  ttie  majgazine 
by  a  spring  loaded  *ioijower.  The  cvipcier  re- 

.  ceives^  Jthe  released  shell,  ^leanwhije,  the  right 
shell  latch  which^was  cammed  in);o  the  magazine 

^  way  by  the  ri^ht  action  barxwring  extraction 

.  cycle,  intercept's  hz^zz  of  in^^cond  shell,  ' 

With  a  shell  resting  on  the  depressed  carrier, 

forward  mbveni6nt  of^the' fore-end  vvlU  close  the 

^gun^actipn  and  complete  the  loading  and.tocking 

^^cles,       \  ^  • 

.  ♦  - 

L0ADI14G— Forward  movement  of  the  fore-' 
end  \yill  carry  w|th  it  the  slide,  breech  bolt, 
■and  locking  block.  The  carrier  dog  is  engaged  by 

/the  slide,  givpts  th^,  shell  carrier  upward,  and 
places  a  shell  in  the  path  of  the  returning  breech 
bolt.  As  the '  bolt  ^continues  .to  advance,  it  de-. 
presses  the 'ejectoi^  spring  and  the  shell  ispickeS 
up  and  loaded  into  the  chamber.  The  carrier  dog 
is  released  by  the  passing  slide,  forced  up  by 

,  the  carrier  dog  follower,  and  pivots  the  carrier 
from  path  of  the  loading  shell*  The  following 
shell  from'  the  magaaine,  being  retained  by  the 
right  shelL  laUih,  is  released  by  the  camming 
act/on  of^tbe^  returning  nght  action  bar.  At  this 
point  the  shell  is^  intercepted  and  held^by_th6 
left  shell  latch  until  the  next  feeding"  cycle', 

LQiSKING'— When  the  shell  is  fully  in  tSe. 
chamber,  the.  action  closes  'and  the  -bolt  is 
againfet  the  shell* base.  The  slide  co^ntinues  to 
travel  within  ,the  bolt  nnd  cams  the  locking  block 
into  recoil  shoulder  of  the  barrel.  The  locking, 
block  secui:6s  the  breech  bolt^  firmly  and  is 
supported  by  the  slide  as  it  completer  its^  for- 
ward travel.  With  the  locking  block  fully  seated,* 
the  passage  through,  the  locking  blocks  allows 
protrusion  of  the  ftrjng  pin  through *ttie' bolt  face,* 

MAINTENANCE 

The  following-  discussion  on  maintenance  of 
the  shotgun  M870  will  co^Ver  only  action  necessary, 
for  routine  nriaintenance  of  the  V-^apon,  More 
detailed  information  m^y  be  obtained  from  the 
manufacturer's  pamphlet, 

,  ^  Before  any  disassembly  of  the  shotgun  M870 
is  attempted,  be  sure  no  shells  repiain  in  the 
chamber  or  magazine. 
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View 
No, 


NAME  OF  PART 


View 
No. 


NAME  OF  PART 


■  ^ 


8 
9 

10 
11 
12 

13, 
14 
15 

1^ 
IT 
18 


Action  Bar  i;i5ck 

'Action  Bar  Lock  Spring 

BarreFAssembly,  12  Gal  PIAIN^  2(r  (includes 

Barrel,  Barrel  Guide  Ring,  Barrel  Guide  Pin 

Front  Sight  (Steel),  Magasine  Cap  Detent, 

Magazine  Cap  Detent  Spring) 

Breech  Bolt,  12  OA, 

Breech  Bolt  Assembly,  Complete,  12  Ga,, 
(includes  Breech  Bolt,  Extractor,  Extractor 
Plunger,  Extractor  Spring,  Firing  Pin, 
Firing  Pin  Retaining  Pin,  Firing  Pin  Retractor 
Spring,  Locking  Block  Assembly,  Slide)  . 
Butt  Plate 
"Butt  Plate  Screw 
Carrier 

Carrier  Assembly,  (Includes  Carrier,  Carrier 
Dog,  Carrier  Dog  Pin,  Carrier  Dog  Wapher) 
Carrier  Dc^ 
Carrier  Dog  Tollower 
Carrier  Dog  Follower  Spring 
.Carrier  Dog  Jpln 


Carrier  Dog  Washer 
Carrier  Pivot  Tube 
Connector,  Left 
HIJonnector,  Rfght 
Connector  Pin 
Efector,  12  Ga, 
Ejector  Hi  vet.  Front 
19.  Ejector  Rivet,  Rear 
20  ]^ectorjSprlng 
Extracror 

Exttactor  Jlunger  /  ^        .  / 

-Extractor  Spring  *       /  v 

Firing  Pin  .  ' 

Firing  Pin  Retaining  Pin 
Firing  Pin  Retractor  Spring 
Fore-end  (Wood  only)  12  Ga. 
Fore-end  Assembly,  12  Ga.  (Includes  F6re-end, 
Fore-end  Tube  Assembly,  Fore-end  Tube  Nut) 
Fore-end  Tube  Assembly  (Includes  Action  Bar, 

Left;  Action  Bar,  Right;  Fote-gnd  Tube) 
Fore -end  Tul^JNut"  . 
Front  Sight  (Plain  Barrel)  ,  •     /  ' 

Front  Sight  (Vent  JUb)  Steel  BeacL  '  -  _ 
Front  JSight  Retaining  Pin  (for  use  on  Vent  Rib 

Sfeel-SIght)       ^ .  '  ^  - 
hSLrrxTner*     •>  '^i^ 
Tiammer  Pin    '        ^    -  *    •  , 

Hammer  Pin^Washer  -  ^ . 

Hammer  Plunger  *  ^ 

Hammer  Spriug^^^^ 

Locking  BToSc  As^w^bly  (includes  Locking 

Blod<,  Locking  mock  Stud) 
Locking  Blodc  Assembly  (overslse) 


21 
22 
23 
24 
25 
26 

27 

28 

29 
30 


31 

-32' 

3^ 
34 

35 


36 
37 
38 
39 
40 
41 
42 
43 


44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

56 
57 
58 
59 
60 


61 

^2 


63 
64 
65 
66 
67 


Locking  Blodc  Stud 
^fagazlne  Cap 

Magazine  Cap  Detente  .  ' 
Magazine  Cap  Detent  Spring*^ 
Magazine  Follower,  12  Ga, 
Magazine  Spring  '* 
Magazine  Spring  Retainer  ' 

Receiver  Aissembly,  12  Ga,  (Iffcludes  Receiver,  ' 

Ejector,  Ejector  Rivet,  Front;  Ejector  Rivet, 

Rear;  Elector  Spring,  Magazine  Tube,  Barrel 

Support) 

Receiver  Stud 

Safety  .        '  ' 

Safety  Detent  Ball  ^ 

Safety  Spring 

Safety  Spring  Retaining  Pin 
Sear 

^  Sear  Pin  ^ 
Sear  Spring 

.  Shell  Latch,  Left,  12  Ga, 
Shell  Latch,  Right,  12  Ga,  '\  ♦ 
Sllrie> 

S'todc  Assembly  (in*cliK3es  Stock,  Grip  Cap,  Grip  * 

Cap  Scr^w,  Butt  Plate,  Butt  Plate  Screws  (2) 
Stodc  Bearing  Hate  -  " 

Stodc  Bolt    ,  • 
Stodc  Bolt  Lock  Washer  ^  ' 
Stodc  Bolt  Washer 
Trigger 

Trigger  Assembly  (includes  Trigger,  Connector, 

Left;  Connector,  Right;  .Connector  Pin)  . 
Trigger  Pin  v  - 

Trigger  Plate,  R,H,  (Rigl^t  Hand  Safety).  ^  _ 
Trigger  Plate,  L.H, 

Trigger  Plate  Assembly,  R,H,  (includes  Action  Bar* 
«  Lock  Acfiori  Bar  Lode  Spring.  Carrier,  Carrier 
Dog,  Carrier  Dog  Foflc^ver,  Carrier  Dog  Follow- 
er Spring,  Cawier  bog  Pin,  Carrier  Dog  Washer, 
Carrier  Pivdt  Tube,  Connector  Left:  Connector 
right;  Connector  Pin,  Hammer.  Hanyner  Pin, 
Hammer  Pin  Washer,  Hammer^PIunger,  Hammer 
Spring,  Safet^f ,  Safety '  Plunger,  Safety  Spring, 

Safety  Spring^Betainlng  P|n,  Sear,  Sear  Pin,  

-  Sear  SpBngTTrlgger^  Trigger  Vin,  Trigger 
ftate,  R,H,;  Trigger  Plate  Pin  Btishing,  Trigger  • 
Hate  Pin  Detent  Springs,  From  (2);  Trigger 
Hate  Detent^pring,*  Rear)  , 

Trigger  ^te  A'^sembly;  (L,H.  Safe)  "    '  * 

Trigger  Plite'Hn,  Troiit  - 

Trigger  Plate  Hn.  P^r 

Trigger  Plate  Plh  Bushing  * 

Trigger  Plate  Pin  Detent  Spring,  Front 

Trigger  Plate  Pin,  Pin  Detent  Spring,  Rear  , 
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Figure  4-48B.— Remington  M870  parts  list.  ' 
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BARREL  — To  remove  and  clean  the  barrel, 
push  the  safety  to  SAFE.  Open  the  aetion,  unscrew 
the  magazine  cap,  and  pull  barrel  from  the 
receiver.  Replace  magazine  cap  on  the  end  of  the 
magazine  tube.  To  clean  the  barrel,  use  a  cleaning 
rod  with  a  lightly^  oiled  cloth.'  If  powder  fouling' 
remains  in  the  barrel,  use  a  powder  solvent  to 
scrub  the  bore.  After  using  solvent,  wipe  clean 
and  re-oil  very  lightly.  Replace  the  barrel  by 
reniOving  the  magazine  cap,  insert  barrel  in 
receiver,  and  replace  the  magazine!  cap, 

•  TRIGGER  PLATE  '  ASSEMBLY  —  With  the 
safety  pushed  ON  SAFE,  cock,  the  action.  Tap 
out  ttie  front  and  irear  trigger  plate  pins  (fig, 
4-48A).  Lift  rear  of  the  trigger  plate  from\e- 
ceiver,  then  slide  rearward  to  remove  from  the 
gun.  the  trigger  assembly  will  be  cleaned  as  a 
unit  by  brushing  with  a  solvent.  Wipe  dry'  and 
re-oil  very  .sparingly.  When  replacing  the  plate 
assembly  in  the  gun,  make  sure  the  action  bar 
lock  (fig,  4-46)  enters  thfe  receiver  easily  'and 
operates  in  position, 

FORE-END  ASSEMBLY  UNIT-  Push  the 
safety  ON  SAFE.  Close  the  action,  renibve  the 
magazine  cap  and  barrel.  Reach  into  bottom  of 
receiver  and  press  the  left  shell  laXgh  inwjtrd. 
Remove  'fore-end  by   sliding  forward  off  the 


fore-end  assembly  tp  pq|>s  and  niove  freely  into 
the  receiver.  A&senible  barrel  to ihe  receiver  aiid 
tighten  .firmly  with  the  magaz;ine  cap.  This 
completes  the  assembly  of  the  shotgun. 


;  LINE  THROWING  Gl/N 

The  line-tiirowing  gun  (fig.  4^49)  is  the  only 
gun  in  the  Navy  that  fires  a  projectile  of  small 
arms  caliber  that  is  not  intended  as  a  weapon. 
The  gun  is  also  ^que  among.' those  we  have 
taken  up  in  this  chapter  in  that  it  is  not  of  Army 
origin.  It  is  used  only  by  the  Navy  and  the 
reference  publication  for  It  is  OP  546, 

The  line-Girowing  gun  is  used  to  pass  a  small 
line  from  ship  tQ  ship  or  from  a  ship  to  the 
beach,  A  projectile,  with  one  ^nd  of  the  line 
attached,  is  fired  from  the  gun  by  the  impulse 
of  a  blank  cartridge.  Tins  small  line  serves  as 
a  messenger  for  the  larger  lines  of  refueling 
rigs,  high  lines,  breeches  buoy  s^  mooring  lines, 
etc. 

The  gun  'is  single  shot,  smooth  bore  (,46 
cal,),  with  a  short  barrel  of  tip-down  action 
hinged  to  the  frame.  It  is  ruggedly  constructed, 
and  the  breeclvis  heavily  reinforced  to  withstand 


the  £el&tiyely  high  chamber  pressures, 

4*ne  Bnot^line  is  made  of  nylon'with  a  minimum 

has4w!i       '    ■  '   '  - 

be^n  remcved  from/the  gun,  the  breech  bolt^arts  is 
eSid  l^de  may  be  lifted  from  end^  pLjfeh^  action 


magazine  tube,  .\iter  the  fore-end  assembly  has^_(w!ien_nfew)  breaking  strength  pf  125  pounds.  It 

when  the  spindle  is  removed  for  firing,  it  will 


wound  on  a^^wooden  gpxndle  m  such  a  way  that, 


bars, 

NOTE;  The  top  right  edge  of  slide  may  bind 
on  bottom  front  edge  of  ejector  port  in  the 
receiver.  To  free  the  slide,  push  downward 
"on  front  end  of  the  boU, 
It  is  not  necessary  to  disassemble  the  bolt 


pay  out  without  fouling.  The  animunition  is  a 
blank  45-70  cartridge  loaded  through  the  breech 
of  the  gun  while  the  projectile  is.loaded  through 
the  muzzle. 


The  projectile 
three  major  units. 


(fig,  ^4-49)^  is  made  up  of 
a  buoyancy  chamber,  an  il- 


for  routine  dotuiing.  Brush  with  solvent  to  clean, "  laminating  unit,  and  the  rod.  The  buoyancy 


then  wipe  dry. 

Assembly  of  the  weapon  is  done  in  reverse  of 
disassembly.  There  are,  however,  set  procedure^ 
to  follow  to  facilitate  the  assembly. 

When  assembling  the  fore-end  parib,  the  gun 
must  be  cocked,/[3uring  this  assembly,  place  slide 
in  the  correct  position  on  ejids  of  the  double 
action  bar.  Place  the  breech  bolt  assembly; 
which  includes  the  attached  locking  block  as&eni- 
bly,  over  slide  on  the  action  bars.*  Insert  end  of 
action  bars  into  matching  groove  sin  the  receiver. 
Move  the  fore-end  slowly  until  contact  is  made 
with  the  front  end  of  right  shell  latch.  Press- 
front  right  shell  latch  into  side  of  the  receiver 
and  cbfitinue  moving  the  fore-end  past  ttiis  latch 
until  contact  is  madg.  with  the  left,  shell  latch. 
Press  the  frflnt  of  left  shell,  latch  in  to  aljow 


chambfer  is  a  .plastic  bottle- shaped  cylinder 
fitted  onto  the  front  of  the  rod.  It  serves  to 
keep  the  projectile  afloat.  Tfie  iiluniination  umt 
is  essentially,  a  small  flashlight  which  is  enclosed 
in.  the  buoyanby  chamber.  *It  is  especially  useful 
during  night  operation  for  obvious  reasons.  The 
rod  is  the  part  of  the  projectile  that  goes  in  the 
gun's  muzzle.  The  nylon  shot  line  is  attached  to  ^ 
slide  on  the  rod,  1i  the  rod  gets  oi^xatched, 
burred,  or  slightly  bent,  ube  flAe  emcxy  ploth 
to  get  it  back  into  shape.  Dp  NOT  fire  any  pro- 
jectile that  fails  to  enter  th;f  bore  ireely, 

FIRING  THE^UN  .  . 

Before  firing  the  caliber  ,45  line-throwing 
gun,  certain  precautions  are  necessary. 
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!•  Before  .loading,  select  an  outboard  firing 
position  clear  of  rigging,  ship's  structure,  or  any 
obstacles  on  which  the  line  may  become  fouled* 

2.  'AH  loading  and  firing  operations  are  to  be 
performed  at  the  rail,  with  the  gun  pointed 
outboard  in  a  safe  direction. 

3.  Open  the  breech  and  inspect  the' bore  to  see 
that  it  is  thoroughly  clean  and  dry,  and  slip  the  ^ 
projectile  mto  the  muzzle  to  see  that  it  moves  ' 
freely.  The  projectile  must  niove  freely  its  entire 
length  of  the  travel  in  the  boro.  Excessive 
fncti OK  produces  dangerou&l>  highchanibef  pres- 
BurSlmd  reduces  range. 

It  takes  two  nien  to  safely  fire  the  line-throwing 
gun  finless  the  special  cannister  is  used.  One  man 
holds  the  coiled  line  and  the  other  fires  the 
gun.  Assuming  that  the  projectile  has  been 
properly  prepared,  follow  this  procedure; 

Both  men  station  themselves  at  the  rail,  the 
man  holding,  the  coiled  line  to  leeward  of  the 
shooter.  On  a  ship  underway  this  precaution 
noimally  puts  the  man  with  the  gun  forward  of 
the  man  holding  the  line.  . 

If  the  Ime  has  jot  'yet  been  aiiached  to  the 
pxojectile,  da.  it  now.  Knock  out  the  wooden 
spindle;  pull  enoi^h  line  from  the  center  of  the 
coil  and  tie  it  to  the  slide  on  the  projectile. 
Don't  pull  out  any  more  line  than  is  nec^ssaxy 
m' for  this  operation. 

Try  the '  projectile  in  the  bore  of  the  gun. 
It  must  pass  through  freely.  Now  take  the  pro- 
jectile out  of  the  bore. 

Standing  at  the  rail,  open,  the  breech  by  press- 
ing the  unlocking  lever  to  one  side. 

Insert  a  cartridge  into  the  breech. 

Close  the  breech. 

Insert  the  pr9j«:ctile  rod  into  the  bore  as  far 
as  it  will  go. 

Brace  the  gun  firmly  against  the- shoulder. 
Cock  the  gun  by  pulling  back  on'the  hammer  until 
'  it  reaches  the  full  cock  position. 

Aim  the  gun.  At  short  nanges  the  gun  is 
fairly  accurate.  At  long  ranges,  however,  you 
will  have  to  elevate  your  aim  and  use  "Kentucky 
windage'.'  to  lead  the  target.  The  path  of  the 
projectile  ai;id  line  are  seriously  'affected  by 
wind.  Also,  the  projectile  is  relatively  slow 
moving,  so  target  speed  is  a  factor  in  aiming  the 
gun.  About  the  only'firrh  rule  we  can  lay  down 
here  is  that  your  shot  shoulrfbe  placed  well  clear 
of  personnel  on  the  receiving  ship.  Fire  the  gun. 

When  the  man  holding  the  coiled  line  seestHkt 
the  projectile  has  definitely  dressed  the  other 
ship,  he  squerezes  the  coil,  halting  any  further 
paying  out  of  the  shot  line. 


Take  a  bight  in  the  line  and  secure  what  is 
left  in  the  cpil  with  it.  Bend  ^y our  shot  line 
to  whatever  running  lines  are  going  to  be  sdnt 
over  to  the  receiving  ship. 

Your  interest  in  the  proceedings  now  is  largely 
one  of  trying  to  get  your  shot  jine  and  projectile 
sent  back  with  the  rig. 

Note  1:  Jn  the  event  ^  a  misfire,  keep  the  gun 
braced  against  your  shoilf^er  and  pointed  in  a  safe 
direction.  Recock  and  'attempt  to  fire  again. 
If  repeated  attempts  to  fiBe'fail,  wait  one'minute 
before  opening  the  breech  and  removing  the  car- 
tridge. Take  a  quick  look  at  the  primer  Ur 
see  if  it  has  been  struck  by  the  ^firing  pin;  if 
so,  deep  six  it. 

The  firing  pin  of  the  line-throwing  gun  is  a 
short,  free-floating  type.  It  is  a  good  J^a, 
before  you  shoot,  to  elevate  the  giui^p^^pe  it 
to  bring  the  firing  pin  out  toward  tite  hammer  as 
far  as  it  will  go.  •  \ 

Note  2:  When  shooting  the  gun,. do  NOT  lay 
your  thumb  on  top  of  the  stoCkimmediately  behind 
the  breech  unlocking  Jever.  Instead,  lay  it  along- 
side the  frame.  The  recoil  of  a  line-throwing 
gun  is  such  that,  if  you  hold  it  incorrectly,  the 
unlocking  lever  can  pinch  or  even  penetrate  your 
hand*  And  there  is  the  possibility  that  if  your 
hand  is  placed  so  as  fto  interfere  with  the 
unlocking  lever's  rearwatd  movement,  the  lever 
may  be  cammed^to  one  sioe,  unlocking  tKe  breech. 
In  this  case,  ^coil  may  be  accomp&nied  by  a  rapid 
unintentional  disassembly  of  the  gun. 

Maintenance 

Authorized  disassembly  of  the  line-throwing 
gun  is  limited  to  the  following  steps:  . 

1.  Remove  the  foregrip.by  pulling  it  down 
firrnly,releasing  the  spring  snap  which  secures 
the  grip  to  the  barrel* 

2.  Remove  the  barrel  by  openipg  the  breech 
'  and  pushing  back  on  the  barrel,  disenga^ng  it 

from  the  frame. 

^be  gun  is  reassembled  by  reversing  the 
foregoing  steps. 

When  the  gun  is  stored  in  the  armdry,  it  is 
kept  lubricated  with  a  li^t  oil,  as  are  all  small 
arms.  When  it  is  to  be' fired,  however,  the  bore 
must  be  completely  rlRaned  and  dried  by  running 
patches  through  it.  Also,  between  consecutive 
firings,  a  dry  patch  should  be  run  through  the 
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bore'  to  remove  all  powder  residue  from  the  pre- 
vious shot.  The  line-throwing  gun  is  known-for 
its  kick,  and  anything  causing  the  projectile  ta 
bind  in  the  bore  adds  dangerously  to  the  gun's 
repoil. 

BROWNING  iVUCHINEGUN  CAI^ffiER  .50,  M2 

-  Browning  ma'chineguns  (abbreviated  BMG)  are 
standard  Army  weapons  used  by  the  Navy  in  the 
air,  ashore,  and  aQoat.  The  caliber  .50  BMG  now 
used  by  the'  Navy  and  Army  is  the  M2,  which  may 
be  equipped  with  either  of  two  different  kinds  of 


barrels— air-cooled  (for « aircraft  use),  or  air- 
cooled  heavy  barrel  (HB).  Although  the  caliber 
.50  HB  (fig.  4-50)  is  not  used  as  extensively  as 
it  once  was,  it  is  stifll  found  on  many  combat 
ships  and  ,on  certain  tjiJes  of  landing  craft, 
(The.  .50  caliber  JiGs  are  still  important  as 
aircraft  armament,  but,  you're  not  likely  to 'have 
to  deal  with  such  installations.  Therefore,  we  will 
not  take  up  the  air-cooled  aircraft  caliber  .50 
BMG.) 

The  mecha/iisms  and  the  principles  of  opera- 
tion of  the  caliber  .50  BMG  will  be  taken  up  in 
this  I  section  of  the  chapter.  For  the  detailed 
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Figure  4-50.  — Browning  machinegun,  caUter  150  HB,  ^12.  A.  Exterior.  B.  Cutaway  view. 
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information  on  the  caliber  .50  BUG  refer  to'the , 
Army's  FM  23-65*. 

The  main  characteristics  of  the  caliber  .50 
BMG,  ^2  are  as  follows: 

Weight  of  receiver  group  56  lb  ^ 

weight  of  barrel  26  lb  (approx)  . 


Total  weight  of  guri, 
complete,  on  tripod 
mount,  M3 

Maximum  range  (M2 
ball) 


126  lb  (approx) 


7400  yards 

Maximum  effective  range  2000  yards 
Cyclic  rate  of  fire  450-500  RPM  (approx) 

s 

Muzzle  velocity  (M2 
ball)  2930  fps 

Length  of  gun  overall       65  in.  (approx) 

Length  of  barrel  45  in. 

GENERAL  DESCRIPTION 
I 

The  Brownmg  machinegun,  caliber.  .50  HB, 
M2,  IS  a  belt-fed,  recoil-operated,  air-cooled 
machinegun.  The  gun  is  .capable  of  semiauto- 
matic, as  well  as  automatic  fire.         ,  • 

By  repositioning  some  of  the  component  parts, 
the  gun  is  capable  of  alternate  feed  (ammunition 
can  be  fed  from  either  the  right  or  left  side  of 
the  receiver);  however,  under  .most  circum- 
stances, the  gun  is  fed  from  the  left  side.  A 
disintegrating  metallic  link  belt  is  use  din  feeding. 
In  preparatioii  for  firing,  the  first  round  requires 
manual  operation. 

Jlie  force  for  recoil  jopei:ation  of  the  weapon 
is  furnished  by  the  expanding  gases  and  is 
controlled  by  various  springs,  cams,  and  levers. 

Air  cooling  of  the  weapon  i^ permitted  through 
maximum  exposure  to  the  air  of  the  barrel  and 
receiver.  Perforations  in  the  barrel  support 
allow  air  to  circulate  around  the  breech  end  of 
the  barrel  and  help  to  cool  the  parts.  The  heavy 
barrel  is  used  to  retard  early  overheating. 

DISASSEMBLY  AND  ASSEMBLY  ^ 

There  are  two  classifications  of  disassembly 
and  assembly  of  the  caliber  .50  BMG:  general  and  . 
detailed. 


The  general  disatssembly  and  assembly  is 
what  yo\x  as  a  GMG  are  expected  to  kftojv.  This 
includes  removal  of  groups  from  the  gun  to  the 
extent  required  for  limited  cleaning  or  replace- 
ment of  groups.  >►      "  '  ^ 

Detailed  disassembly  and  assembly  includes 
the  removal  of  all  coihponent  parts  from  each 
^group  for  cleaning,  minor  repairs,  or  replacement 
of  parts. 

We*  will  present  information  here,  only  on  the 
general  disassembly  and  assembly.  If  it  betimes 
necessary  that  you  need  information  on  the  cfetails 
necessary  for  you  to  do  detailed  disassembly  and 
assembly  of  the  caliber  .50  BMG,  refer  to  the 
Army's  FM  23-65. 

Barrel.  Turn  the  cover  latch  shaft  lever  and 
raise  the  eover  group  (fig.  4-51).'  Grasp  the 
retracting  slide  handle  with  the  ri^t  hand,  palm 
up;  pull  the  recoiling  parts  to  the  rear  until  the 
lug  on  the  barrel  locking  spring  alines  with  the 
3/8-inch  hole,  in  the  right  sideplate  of  the  re- 
ceiver (just  below  the  feedway  exit).  The  barrel 
cai>  be  turned  only  when  the  lug  is  alined  with  the 
3/8-inch  hole.  Unscrew  the  barrel  from  the 
barrel  extension,  and  remove  the  barrel  from 
the  receiver  (fig.  4-52).  Be  careful  not  to  damage 
the  threads,  or  barrel  locking  notches. 

CAUTION:  Do  not  allow  the  bolt  to  slam 
forward  with  the  barrel  removed.  Damage  to 
parts  will  result  from  this  action. 


COVE*^  LA'CH  SHAFT  u£V?ft 


84.360 


Figure  4-51.— Raising  the  cover. 
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84.361 


'Figure  4-52,  —  Removing  the  barrel. 


Backpiate.  Ensure  that  the  bolt  latch  release 
(fig.  4-53)  IS  up,  free  of  the  bolt  latch,  release 
lock.  If  It  IS  not,  push  down  on  the  bolt  latch 
release  and  turn  the, buffer  tube  sleeve  clock- 
wise, or  to.  the  right,  ^til  the  bolt  latch  release 
lock  is  free  of  the  bolt  latch  release  (fig.  4-53). 
The  bolt  must  be  forward^  l5ef ore  the  baclq)late  is 


removed.  4f  the  bolt  is  to  the  rear,  push  down 
on  the '  boft  latch  release  to  let  the  'bolt  go 
forward.  The  backpiate  latch  lock  and  latch  are 
below  the  buffer  tubel  Pull  out  on  the  latch  lock 
and  up  on  the  latch;  remove  the  bacl^late  by  lift- 
ing it  straight  up  (i^^.  4-54). 

Driving  spring  group.  nThe  inner  and  outer 
driving  springs  and.  driving  spring  rod  a^e  lo- 
cated next  to  the  right  sideplate,  inside  the 
receiver  (fig.  4-55),  Push  in  on  the  head  of  the 
driving' spring  rod  and  turn  to  the  left  to  rem'ove 
the  driving  spring  rod  retaining  pin  from  its  seat 
in  the  xigbt  sideplate.  Pull  the  driving  spring 
group  xo  the  rear  .and  out  of  the  receiver.  A 
slight  pressure  is  exerted  on  the  driving  springs 
wfJen  the  bolt  is  forward,  however,  never  attempt 
to  cock  the  gun  while  the  backpiate  is  off  and  the 
driving  -spring  ro^  installed.  If  the  backpiate  is  off 
and  ti^  driving  ^ring  group  is  compressed,  the 
retainii^  pin  on  the  driving  spring  rod  can  slip 
from  its  seat  and  injure  anyone  behind  the  gun. 

Bolt  stud.  Grasp  the  retracting  slide  handle 
and  gi^  it  a  quidc  jerk,  halfway  to  the  rear,  to 
free  tm  bolt  irom  the  barrel  extension  and  move 
the  bolt  halfway  to  the  re^.  .\line  the  collar 
on  tte  bolt  stud  with  the  clearance  hole  in  the 
bolt  slot  on  the  ri^t  sideplate,  and  remove  the 
bolt  stud  to  the  right  (fig.  4-56).  If  the  bolt 
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Figure  4-53.— Bolt  latch  release  lock  free 
of  the  Jxjlt  latch  release. 


84.363 

Figure  4^54.  —  Removing  th& .backpiate. 
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84.366 


84.864 

Figure  4-5$.  — Dn\fings^rii)g  group  with  the  driv- 
ing spring  rod  retaining in  its  seat  in  the 
rigbt^ideplate. 


Figure  4-57. —Freeing  the  bolt. 


Bolt.  After  freeing  the  bolt,  sUde  it  from 
the  rear  of  the  receiver  (fig.  4-58),  Place  the 
bolt  down  oxi  its  rigjit  side  (with  the  extractor 
arm  up),  so  *the  .extractor  wUI  not  fall  from  the 
bolt. 

*  Oil  buffer  group  and  barrel  extension;  Insert 
the  dnft  of  a  combination  tool,  or  otber  pointed 
instrument  throu^  the  hole  in  the  lower  rezx 
comer  of  the  ri^t  sideplate.  Push  in  on  the 
oil  buffer  body  spring  lock.  At»tbe  same  time, 
j)lace  one  hand  on  the  receiv^r  and  push  the 


'  '     .     ^  ^  84.365 ' 

Figure  4-56.— Removing  the  bolt  stud. 


is  accidentally  moved  all  the  way  to  the  re^i,  the 
,bolt  latch  will  engage  in  the  bolt  latch  notches* 
in  the  t;op  of the  bolt.  If\this  occurs,  raise 
the  bolt  latch  (left  of  the  trigger  bar)  and  push 
.the  bolt  forward"*  to  aline  the  bolt  stu^  with  the. 
clearance  hole  (fig.  4-57).  •  \         *  \ 


Figure  4-58.— Removing  the  Bolt 
from  the  receiver. 
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barrel  extension  group  and  oil  buffer  group  to 
the  rear  (fig.  4-59),  Reipove  tM  oil  buffer  group 
and  barrel  extension  group  from  the  receiver. 
Separate  th^  two  groups  by  pushing  forward  on  the 
tips  of  the  ^accelerator  (fig.  4r60). 

Oil  buffer  as^mbly.  Pull  tti^  oil  buffer 
assembly  from  tije  rear  ,of  the  oil  buffer  body 
group.  The  ^  oil  ,'buffer  assembly  will  not  be 
aisassembleci  (fig.  4-61),  This  completes  the 
general  disassembly  for  limited  cleaning  and 
replacement*  of  groups.  Figure  4-62  shows  the 
major  grovcps  after  general  disassembly. 

To  assemble  the  gun,  replace  the  groups'  in 
the  reverse  order  of  removal  of  disassembly. 
To  make  assembly  easier,  there  are  certain 
procedures  to  follow  that  we  will  cover^re. 

Oil  buffer  assembly  and  oil  buffer  body 
group.  Replace  the  oil  buffer  assembly  in  the 
Oil  hoSer  body  group,  with  the  key  on  the  spring 
guide  to  the  right.  This  key  must  fit  ^in  its  slot 
in  th6  right  side  of  4he  oil- buffer  body*.  Turn  the 
oil  buffer  tube  imtll  the  screwdriver  slot  (in  the 
rear  of  the  tube)  is  vertical,  the  an;ow  pointing 
to  ^the  right.  The  stud  on  the  tube  lock  will 
now  engage  the  serrations  in  the  oil  buffer  tube. 
To  keep  the  tube  from  turning,  push  the  oil 
buffer  assembly  fully  forward  (figs.  4-63  and 
4^64)> 

Oil  buffer  group  and  barrel  extension  grouqp. 
To  join,  the  two  groiQ)S  together,  hold  ttie  oil 
buffer  group  in  the  ri^t  hand,  with  the'  index 
finger  si5)poirting  the  accelerator.  Join  the  notoh 
on  the  shank  of  the  barrel  extension  group  with 
the  cross  groove  in  the  piston  rod  of  the  oil 
buffer  assembly.  At  the  same  tlme>  aline  the 
breech  lock  depressors  with  their  guidiways  ii^ 
the  sides  of  the  barrel  extension,  ensuring  th^ 
the.  tips  of  the  accelerator  are"£igainst  the  re 
•end  the  barrel  extension  (claws  against 
sliank)  (fig.  4-65).  Push  the  groups  tog^^r. 
As  they  rotate  to  the  rear,  press  down  or/the 
tips  of  the  accelerator  to  ensure  positive  1 
of  the  groups.  Place  the  groins  in  the  rec^as^i^ 
and  push  them  forward  imtil  the  oil  buffer  body 
spring  lock  sna^s  into  position.  When  the  parts 
are  properly  locked  in'  place,  the  oil  ljuffer  tube 
should  protrude  about  1-1/8-inches  from  the 
rear  of  the  oil  buffer  bod^  group. 

Bolt.  Place  the  bolt  in  the  receiver,  with  the 
top  of  the  cocking  lever 'forward  and  the  extractor 
down  (fig.  4-66),  Push  the  bolt  forward  into  the 
receiver.  At  the  same  time,  look  through  the  slot 
in  either  sideplate.  As  the  front  end  of  the  bolt 
approaches  the  tips  of  the  accelerator,  press  down 


84.368 

Figure  4-59.  —  Removing  oil  buffer  group  and 
^     barrel  extension  group.- 


84.369 

Figure  4-60.— Separating  the  groups. 


OMt  CftOOVtIN  TIC  nSTON  POO 


otLtmatbOOYcnoQ^ 


84.370 

Figure'  4-61.— Separating  the  oil  buffer 
assembly  from  the  oil  buffer  bo<fy  group. 
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OR.  BU^ER  SPRWe  QUIDE  KEY 


ACCELERATOR  CI.AWS 


^  84.372 

Figure  4-63.— Replacing  the  oil  buffer  assembly. 


84.374 

Figure  4-65.— Joining  the  barrel  extension 
.  group  and  oil  buffer  'gr.oup. 


SERRATIONS 


'  ;  84.373 

Figure  4-64.-^  Replaclr^g  the  oil  buffer  assembly. 

•  /  '  '     '        '  . 

on  the  rear  end  of  the  bqlt  to  let  the  front  end 
clear  the  accelerator  tips  (fig.  4-67).  Raise 
tbj^  rear  of  th6  bolt  and  continue  to  push  the  bolt 
forward  until  the  bolt  latch  engages  the  notches 
in  the"  top  of  the  bolt;^raise  the  bolt  latch  and 
jmsh  the  tjOlt  into  the  receiver.  The  barrel 
extension,  oil  buffer,  and  bolt  groups  may  be 
returned,  to  the  receiver  together  (fig.  4-68), 
Bolt  stud.  Position  the  bolt  to  return  the 
bolt  stud.  En^e  that  the  collar  of  the  stud  is 
iztdde  the  ri^t  sideplate. 


TOf  orjcoociNOUvcn 


^figure  4-66. -p Replacing  the  bolt. 


84:375. 


Driving  spring  group.  Push  the  bolt  all  the 
way  forward.  The  oil  buffer  tube  is  now  inside 
the  receiver.  Place  the  ^end  of  the  driving  spring 
ro4  ii^  its  hole  in  the  rear  of  the  bolt,  and  push 
th3  driving  spring  group  forward.  Press  in  and 

.  to  the  right  on  the  head  of  the  driving  spring  rod, 
and  place  the  retaining  pin  in  its  seat  in  the 

,  right  sidepiate, 

Backpiate  group.  Hold  the  backplate  with  the 
latch  down  and  the  trigger  up;  place  the  backplate 
guides  in  their  guideways.  Hold  out  on  the  latch- 
lock,  and  tap  the  baclqplate  into  position  until 
the  latch  snapp  into  place  (fig,  4-69).  Release 
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8ACKPUTE  UTCH  LOCK 


BACKPLATE  LATCH 


84,377 

Figure  4-68,^  Returning  the  baxrel  extension, 
oil  buffer,  and  bolt  groups  toother.  — 


the  latchlock,  and  pull  ud  on  the  backplate  group 
to  •see  that  it  ds  firmer  in  place.  (If.  the  end 
of  the  oil  biiffer  tube  prevents  return  of  the 
backplate,  .the  oil  buffer  body  spring  is  not 
properly  seated).  1  . 

Barrel.  Pull  the  retracting  slide  handle  to 
the  rear  until  the  lug  on  the  barrel  locHing 
spring  is  visible  through  the  3/8-inch  hole  in 
the  right  sideplate.  Screw  the  barrel  all  the* 
way  into*  the  barrel  extension;  then  unscrew  the 
barrel  two  notches.  ClOse  the  cover.  This  com- 
pletes the  general  di^sseifibly  and  assembly. 


.  _  -  y «  84.422 
Figure  4-69.  — Replacing  the  backplate  group. 

Operating  the:  BMG  Caliber  .50 

The^safest  and  best  way  to  operate  a  .50 
qal.  machinegun  is  follow  the' correct',  set  pro- 
cedures. By  following  these  procedures,  you 
prevent  damage  to  the  gun  and  possible  injury 
to  you  or  others  in  the  area.  The  operating 
procedures  of  the  caliber  .50  BMG  include 
loading  or  unloading  the  gun,  clearing  the  gun, 
"br  allowing  the  bolt  to  go  forward. 
•  On  the  command  to  '*hal£-load»S  the  double 
loop  end"  of  the  ammunition  belt  is  inserted  in 
the  feedway  until  the  first  round  is  held  /by  the^ 
belt  holding  pawl.  The  rettacting  slide  handle  is 
then  pulled  all  the  way  to  the  rear  and  released. 
With  the  bolt  latch  release  loc^wtioned  to 
engage  the  bolt  latch  rel^ase,V^P  bolt '  and 
retracting  sli(!te  handle  will  xnoye  wPward  under 
pressure  of  the  di*iving  spring  group,  thus  naif- 
loading  the  gun.  However,  if  the  bolt  latch 
release  is  up  and  free  of  the  bolt  iatch  release 
lock,  th^  holt  latch  will  hold  the' bolt  to  tiie 
rear.  Now,  push  tfee  retracting  *sUde  handle  all 
the  way  forward /bef ore  releasing  the  J)olt)^;  tlien 
press  down  on  the  bolt  latch  release  to  let  the 
bolt  go  forward.  >  ^  ^ 
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The  prcxjedure  for  fully  loading  the  gun  is  the 
same  as  for  half-loading,  except  that  the  opera- 
tion is  repeated. 

To  unload  the  gun,  the  bolt  latch  release  is 
unlocked,  the  cover  latch  release  is  turned,  and  the 
cover  is  raised.  The  ammunition  belt  is  lifted 
from  the  gun.  The  bolt  is  pulled  to  the  rear, 
and  the  chamber  and  T-slot  are  examined  to  see 
that  they  hold  no  rounds,  .\fter  this  examination, 
the  bolt  is  allowed  to  go  forward,  the  cover  is 
closed  and  latched,  and  the  tri^er  is  pressed. 

The  procedure  for  clearing  the  gun  is  the 
same  ae  for  imloading  except  that  in  clearing  t)ie 
gun,  the  bolt  is  latched  to  the  rear,  the  bolt  is 
.  not  released,  aild  the  cover  is  not  lowered. 


Functioning  of  the  Caliber  .50  BMG 

Disassembly  and  assembly  affords  an  opjlor- 
tunity  to  learn  the  nomenclature  of  parts  Which 
each  GMG  should  lake  adyantage  of.  In  this 
section  we  will  discuss  the  functions  of  the  parts. 
You  must  leafn  haw  these  parts  function  to 
reduce  most  of  the  stoppages  encountered,  and 
enable'  you  to  keep  the  gjm  in  working  order. 
Eath  time'  the  gun  is  fired,  the  parts  inside 
'/the  gun  work  in  a^given  sequence.  These  move-^ 
^jiients  are  controlledby  various  springs,  cams  and 
levers.  ^ 

•  There  are  eight  basic  steps  in  a  cycle  of 
operation..  These  steps  don't  necessarily  follow 
in  sequence  because'  one  or  more  steps  may  occur 
'  at  the  same  time. 

Following  are  the  steps  in  the  functioning  of 
the  caliber  .50  BMG: 


1.  Feeding.  The  actioa  of  placing  a  cartridge 
in  the  receiver  approximately  in  back  of  the 
barrel,  ready  for  chambering. 
r     2.  Chambering.  A  new  round  is  placed  in  the 
chamber.  ^  . 

3.  Locking.  The  bolt  is  locked  to  the  barrel 
and  barrel  asxtensiori. 

'4/  Firing.  The  firing  pin  is  released  igniting, 
the  primer  of  .the  cartridge.  ^ 

5.  Unlocking.  The  bolt  unlocks  from  the  barrel 
and  barrel  extension. 

6.  Extracting.  The  empty  cartridge  case  is 
pulled  from  the  chamber.  ► 

7.  Ejecting.  ^  The  empty  cartridge  case  is 
^ejected  from  the  receiver. 

8.  Cocking.  The  firing  pin  is  withdrawn  into 
the  cocked  position. 


Feeding  .-^ 

Figure  ^4-70  sKows  the  ^feeding  mechanism 
parts  set  up  for  both  right  and  left  hand  feeding. 
Refeir  to  this  iigure  .and  those  following  to 
follow  the  feeding  cycle  as  ,we  discuss  the  two 
phases  of  the  feeding  cycle. 

In  the  first-^hase,  when  the  bolt  is  fujly 
forward,  the  belt  feed  ^de  (figs^4-71  and  4-7^ 
is  in' the  cover;  the  ammunition  belt  is  held  in 
ite^feedw^y  by  the  belt  holding  pawl  (figs.  4-71 
^d'4-72).  As  the  bolt  moves  to  the  rear,  its  cfmn 
groove  guides  the  belt  feed  lug,  pivoting  theleveX 
and  rQpying  th^  feed  slide  put  the  side  of  the* 
cove^dfig.  4-73).  The  belt*  is  held  stationary  by 
the  belt  holding  pawl,  while  the  belt  feed  pawl 
rides  up  over  the  link  holding  the  first  round  (fig. 
4-74).  The  feed  slide  moves  out  far  enough  to  the 
left  to  allow,  the  belt  feed  spring  to  force'  the  pawl 
Aorni  ^behind  the  first  round  (fig.  4-75).  Forward 
Movement  of  the  bolt  moves  the  bolt  feed  lever ' 
which,,  in  turn,  moves  the  slide  back  into  the  re- 
ceiver. The  belt  is  pushed  in  by  the  belt  feed^awl. 
The  next  round  rides  over  the  belt  holding  pawl, 
compressing  its  spring  until  the  next  round  has  * 
passed  (fig.  4^76),  When  the  bolt  is  fully  forward,^ 
the  slide  is  back  in  the  cover;  the  first  round  is 
engaged  by  the  extractor.  ^  * 

The  secondphage  of  feeding  entails  withdrawing 
'  a  new  round  from  the  belt.  The  extractor  grips 
J,\^  first  round  in  thefeedwayand,  asthe  recoiling 
"pdjp^ta  move ^  to  the  rear,  withdraws  it  from  th6 
aitimunition  belt.  Initially  the'^ip  of  the  extractor 
is  held  secure  by -the  downwara,  pressure  of  the 
cover  Extractor  spring  (fig.  4-77). 

As  the  bolt  continues  to  the  rear,  the  cover 
extractor  cam  forces  the  extractor  downi  causing 
the  cartridge  to  6nter  the  T-slot  in  the  bolt 
(fig.  4-7^).  A^ft^the^  e:rtra,ctor  is  forced  down,  the 
extractor  lyg,^^^f:^ng  ttie^topof  theexti:actor 
switch,  forfcis%^?ear  e^^^he  extractor  switch 
downward.  Near,  the  en<i@f  the  bolt  rearward ' 
movement,  the  ^ractoj^  lug  overrides  the  end 
of  the  switch  and  the  switch  snaps  into  position. 

Chambering        ,  " 

As  the  ^h^J^^94Q3{aa  forward,  thfe  nqw, round  is 
held  byjth^Errslot  ancKthe  extractor  assembly. 
The  » e^ractor  stop 'piiA  permits  the  extractor 
assembly  to  go  down  far  enough  to  aline  the  new 
round  with  the  chamber  (fig.  4-79).  As  the  bolt 
conUnues  forward,,  the  new  round  is  chambered, 
^  and;  this  action  takefg  place  —  the  extractor  lug 
rides  up  on  the  extractor  cam,  compresses  the 
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PL'UNGER^BELT 
FEED  LEVER 


ARM,  BELT 
FEED  PAWL 


SLIDE^FE^D, 
BELT 


PAWL,  FEED.  BELT 


STOP.CARTRIpGE^FRONT 


STOP, 

CARTRIDGE^ 
REAR.R.H. 
ASSEMBLY 


§WtTCM 
BOLT 


FAWL,H0LDtNG,8£LT 
STRIPPERtINK 


STOP,- 
CARTRIDGEf 
REAR 


LEFT  HAND  FEED 


RIGHT  HAND^FEEbu^. 


9  *  \- 


84.114 


Figure  4-70.  — Browning  machinegun,  caUber  .50  HB,  M2.  Feeding  m^^ttanism  parts  set  up 

/  for  left-hand  and  right-hand  feediSig. '   ^  ^  ^        .     '    -  ^ 

cover  spring,  and  through  pressure  of  the  ^ring.  You  can  follow  most  erf  the  cycle  by  referring 

•snaps  into  the  groove  in  the  n^xt  cartridge^  to  figure  4-50B.  Assume^ih^  ch^ber  is  loaded, 

The  following  inforination  is  presented  as  a  the  ^n  coqlfed,  and  tha^lf  l^h  released;  The 

review  of  an  operating  cycle  of  the  caliber  .50  trigger  is  depressed,  tl^firingV^n  #2^^  the 

BMG^                             •                        y  priiner,  the  propelling  charge  ^^^rfiffirV^d  the 
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BELT  FEED 
PAWL 


BELt  FEED 
SLIDE 


84.378 

Figure  4-71.— Feeding— bolt  fully  forward,  belt 
feed  slide  Jn  the  cover  and  ammunition,  belt 
held  in  the  feedway  by  the  l)elt  holding  puwl 
(rear  view). 


.  84.379 

Figure  4-72.— Feeding— bolt  fully  forward,  belt 
feed  slide  in  the  cover  and  amniunition  belt 
held  m  the  feedway  by  the  b^lt  holding  pawl 

-    (top  view)-;  4 


eCLT  FEED  LEVEft 


84.380 

Figure'4-73.— Feeding— belt  feed  slide 
moving  out  the  side,  of  tpe  cover. 


BELT  FEED 
PAWL-< 


84.381 

Figure  4-74.— Feeding— belt  feed-pawl 
'  riding  over  the  first  round.  *  ' 

recoiling  parts  start  rearward.  After  3/4  inch 
of  recoil,  the  breech  lock  is  cammed  dpwa  to 
release  the  *bolt  from  the  barrel  extension  which 
strikes  the  accelerator,  is  brought  to  a  stop.by 
the  oil  buffer,  and  is  looked  in  recoil  position 
by  the  accelerator. 

Meanwhile  the  bolt,  kicked  all  the  way  to  the 
rear  by  the  accelerator,  rebounds  against  the 
upper  buffer,  and  counterre coils,  unlocking  the 
barrel  extension  from  the  receiver.  When  the 
breechblock  reeng^s,  the  barrel  extension  locks 
to  the  bolt  and  both  move  for\vard  together 
into  battery.  The  cycle  repe^its  when  the  firihg 
pin  sets  off  the  next  6artridge.  ^ 

-  < 

GUN  IVIAINTENANCE 

The  importance  ,of  a  thorough  knowledge. of  how 
to  care,  for,  clean,  ^d  preserve  the  machine  gun 
cannot  be  over-emphasized,  ^rojjer  care,  qlean- 
ing,  and  preservation,  determine  Whether  or  not 
this  gun  will  shoot  accurately  and  function  properly 
when  needed.  The  bore  and  chamber  "mils t  ,  be 
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84.382  '     ^  .  '  ^ 

Figure  4-75.— Feeding— belt  feed  pawl  ^. , 

behind  the  first  round.  .  *      •  84*383' 

F'igure.'^M.— Feeding— belt  feedC  slide  inoving 
kept  in  perfect  condition  to  ensure  accurate  fire.  inside  the  cover,  svitti  the  beltfeed  pawl  behind 
Because  of  th^  close  fit  of  working  surfaces  and        the  first  round.  *   .  ,  * 

the  high  speed  at  which  the  gun  operates,  it  is 
important  that  the  receiver  and  moving  parts  be 
kept  clean^  well  lubricated,  and  free  from  burrs, 
rust,  dirt,  or  grease.  This  ensures  proper, 
efficient  functioning  of  the  gun. 

To  ensure  priDper  care  of  the  machinegun,itis 
necessary  to  establish  standard  operating  pro- 
cedures concerning  frequency  at  which  the  gun 
is  to  be  cleaned.  This  can  be  done  by  the  use  of 
the  3-M  system  Maintenance  Requirement  Cards 
(MRCs)  <if  implemented)  or  by  using;TM  9-1005^' 
213-10  to  set  up  your  maintenance  procedures. 
Under  combat  conditions,  it  may  be  necessary 
to  alean  the  gun  where  it  is  mounted;  howeverj  84.384 
wjien  possible,  Uie  gun  should  be  disassembled.         Figure  4-^77*,— Feeding  — withdrawing  the 
cleaned,  and  oiled  in  a  clean,  dry  location,  where  ^  first  round  from  the  feedway. 

it  is  least  e:qposed  to  moisture,  dirt,^etc.  Be 

particularly  careful  to  remove  all  sand  or  dirt   the  gun  should  be  cleaned  and  lightly  oiled  daily, 
which,  if  not  removed,  act  as  ^  abrasive  on   Under  ideal  conditions,  where  the  gun  is  not  used 
moving  parts  causing  excessive  wear,  sluggish   and  is  stored  in  a  clean*  dry  place,  it  may  only 
operation,  or  malfunction.  Do  not  oil  parts  ex-   be  necessary  to  inspect,  clean,  and  lubricate  the  ^ 
cessively.  Excessive  oil  solidifies  and  causes   gun  onc^  a  week. 

sluggish  operation  or  complete  failure.  For  more  detailed  information  on  the  pre-. 

Each  gun  should  be  cleaned  as  soon  after  scribed  cleaning  materials,  lubricants,  and  rust 
firing  as  possible,  and  each  time  it  is  taken  to  preventives  lo  be  used  in  the  calibex  .50  BMG 
the  field  and  returned.  Under  combat  conditions,   niaintenafice  refer  to  the  Army's  FM  23-65. 
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»   .  ^  84.385 

Figure  4-78.— Feeding— cartridge  entering 
'   the  T-slot  in  the  bolt. 


KACTOA  SwnCH 


*  •    -  ^  84.386 
Figure  4-79.  — Chambering— new  round 
alinejd  with  the  chamber. 


INSPECTION  ANI?  GAGING 
OF  BM&  CALIBER  .50  HB,  M2 


.  '  ■  I 

damage'Ho  the  barrel  extension,  bolt,  pr'breoch- 
.block/ Ej^essive  headspace  leaves  toa  much 
play  D6$we'en  bolt  and  t)arrel,  and  may  result  in 
ruptured  cartridge  cases  and  possible  injury  to 
the  gunner.  * 

In  the  gaging  and  adjustment  of  headspace 
the  HEADSPACE  AND  TIMING  GAGE  (Army  No. 
535/217)  is  used.  Headspace  must  be  checked 
befqfe  firing,  and  adjusted,  if  necessary.  Here 
is  the  procedure:  -  * 

1,  Raise  the  cover  .^Retflat  the  recoiling  parts 
and  screw  the  barrel  all  the  way  into,  the  barrel 
extension*  then  unscrew  the  barreljtwo  notches. 

2.  Cock  the  gun;  pull  the  retracting  slide 
handle  all  the  way  to  the  rear,Jthen  return  it  to 
its  most  forward  position.  PreSs  the  bolt  latch 
release  and  allow  the  bolt  to  go  forward. 

Note.  Be  careful  not  to  depress  the  trigger, 
since  this  will^ause  the  firing  pin  to  be  released. 

CAUTION:  The  firing  pin  should  never  be 
released  with  the  g£^  in  the  T-slot  as  this  could 
damage  the  firing  pin  and  gage. 

3,  Pull  the  retracting  slide  handle  back  until 
the  barrel  extension  is  about  one-sixteenth  of  an, 
inch  from  the  trunnion  block.  This  will  ensure  that 
the  locking  surfaces  of  thebreech.lockandthe  bolt 
are  in  proper  contact.  This  prevents  the  driving 
spring  group  and  weight  of  the  parts  from  giving  a 
false  determination  (fig.  4-80). 

4.  First,  insert  the  GO  end  of  the  headspace 
gage  in  the  T-slot,  tetween  the  face  of  the  bolt 
and  the  rear  end  of'  the  barrel.  If  the  GO  end  of 


Inspection.  Check  the  general  appearance  of 
the  weapon.  Pull  the  bolt  to. the  rear,  release, 
and  check  for  smooth  operation.  Check  the  cover 
latch;  be  sure  the  spring  has  enough  tension  to 
keep  the  cover  securely  latched.  Raise  the  cover 
and  check  the  functioning  of  the  cover  detent 
pawl.  Move  the  belt  feed  lever  from  side  to 
side,  and  make  sure  the  belt  feed  mechanism 
moves  in  its  full  travel  in  both  directions.  When 
inspect  the  bolt,  check  the.  extractor  and 
ejector,  and  look  for  corrosion.  Check  the  back 
plate  latch  and  lock. 

After  gaging,  test  the  >^ction  of  the  gun 
mechanism  by  feeding  several  dummy  cartridges 
assembled  into  a  belt  (with  new  belt  links)  through 
.  the  gun,  operating  the  gun  mechanism  by  hand. 

C3aging.  In  the  caliber  .50  Browning  lAachine- 
gun,  headspace  is  measured  from  the  fade  of  the 
bolt  to  thle  base  of  the  cTiambered  cartridge. 
Tig^it.  (insufficient)  headspace  will  cause  poor 
timing  of  locking  and  unlocking  .and  consequent 
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Figure  4-80. -^fii6ert|p^  the  headspace  gage. 
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ttie^gage  enters  freAl>  down  to  the  center  ^ring  of 
the  gage,  then  attempt  to  insert  the  NO  GO  enii 
of  the  gage.  If  the  GO  end  enters,  and  the  NO  GO 
end  does  not  enter,  correct  headspace  is  set. 

5.  If  the  GO  end  of  the  gage  does  not  enter 
freely,  headspace  is  too  tight.  When  this  condi- 
tion exists  the  barrel  must  be  unscrewed  one 
click  (notch  at  a  time  checking  with  the  gage 
after  each  click),  until  the  GO  end  of  the  gage 
enters  freely.  To  complete  thQ  adjustmen|r, 
attempt  tp  insert  the  NO  GO  end  of  {he  gage;  if ; 
it  does  not  enter,  correct  headspace  is  set. 
Remember,  to  unscrew  the  barrel,  or  to  screw 
the  barrel  into  the  barrel  extension,  the  lug  on 
the,  barrel  locking  spring  must  be  alined  with 

,  the  3/8-incti  hole  in  the  right  side  plate. 

6.  If  the  NO  GO  end  of  the  gage  enters  the 
T-slot,  headspace  is  too  loose.  The  barrel  must 
be  screwed  into  the  barrel  extension  (one  click 
at  .a  time)  checking  with  the  gage  after  each 
click,  until  the  GO  end  ente^^and  the  NO  GO 
end  does  not. 

7.  Remove  the  gage. 

Timing  is  the  adjustment  of  ^the  weapon  so 
that  firing  takes  place  when  the  recoiling  parts 
are  between  .020  and  .US  inches  out  of  battery 
to  prevent  contact  between  the  front  end  of  the 
barrel  extension  and  the  trunnion  block.  Timing 
Is  correctly  set  when  the  following  conditions 
are  met.  ^ 

1.  The  recoiling  -  parts  are  locked  together. 

2.  Firing  takes  place  just  before  the  parts 
are  in  battery  (fUlly  forward). 

3.  When  the  gun  fires  on  the  FIRE  gage,  and 
does  not  fire  on .  the  NO  FIRE  gage.  Timing 
must  be  checked  and/or  set  each  time  headspace 
is  set,  or  whenever  timing  is  questionable. 

The  following  procedures  are  to  be  followed 
in  checking  and/or  setting  timing. 

1.  Ensure  that  the  gun  has  correct  headspace 
adjustment; 

2.  Cock  the  gun;  pull  the  retracting  slide 
handle  all  the  way  to  the  rjear  and  return  It  to 
its  most  forward  position.  Press  the  bolt  latch 
release  and  allow  the  bolt  to  go  for\yard. 

Note^  t)o.  not  depress'^the  trigger. 
'  3.  Raise  the  extractor  and  pull  the  retracting 
slide  handle,  back  Mntil  the  front  end  of  the 
barrel  extension  is  about  one-fourth  of  an  inch 
from  the  trunnion  block. 

4.  Insert  the  NO  EIRE  .timing  gage  between 
the  barrel  extension  antt  the  trunnion  block. 


placing  the  beveled  edge  of  the  gage  on  the 
barrel  notches  (fig.  4-81). 

5.  Let  the  barrel  extension  close  slowly  on 
the  gage. 

6.  Depress  the  trigger  firmly,  attempting  to 
release  the  firing  pin.  The  firing  pin  should 
not  release.  If  the  firing  pin^does  release,  the 
gun  is  timed  to  fire  .too  early.. 

7.  To  correct  for  this,  pull  tiie  retracting 
slide  handle 'to  the  rear,  allow  the  bolt  to  go 
forward.  Insert  the  cap  gage,  remove  the  back- 
plate  and  screw  the  timing  adjustment  nut  to  the 
left  until  it  rests  on  the  trigger  lever  (fig. 
4-82).  Press  "up"  firmly  on  the  trigger  lever 
attempting  to  fire.  Rotate  the  timing  adjust- 
ment nut  td^  the  right  one  notch  at  a  time,  each 
time  pressing  up  firmly  on  the  trigger  lever, 
attempting  to  fire  the  weapon. 

8.  When  the  firing  pin  is  released,  turn  the 
timing  adjustment  nut  two  additional  notches  to 
the  "right"  and  replace  the  backplate. 

9.  Recock  the  weapon  and  allow  the  bolt  to  go 
forward.  Insert  the  NO  FIRE  gage  betwee'n  the 
trunnion  block  and  the  barrel  extension  and 
attempt  to  fire  the  weapon  by  depressing  the 
trigger.  The  weapon  shmdd  not  fire.  If  the 
weapon  does  fire,  a  mechanical  <iefect  exists., 

10»  Replace  the  NO  FIRE  gage  with  the  FIRE 
gage  and  attempt  to  fire.  The  weapon  should 
fire. 

11.  When  all  of  the  above  procedure  shave  been 
completed,  the  weapon  is  correctly  timed. 
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Figure  4-81. — Inserting  the  timing  gage. 
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MING  ADJUSTMENT  NUT 


84.389 


Figure  4-82.  —  Uotatmg  the  timing 
adjustment  nut  to  the  left.  , 

'  THE  7.62-MM  M60  MACHINEGUN 


The  M60  has  an  overall  length  of  43.5-inches 
and  weighs  approximately  23-pounds.  The  barrel, 
which  is  chrome  lined,  measures  25.7-inches 
with  the  flash  suppressor.  It  has  four  lands  and' 
grooves,  with  a  uniform  right  hand  twist  of  one 
complete  turn  every  10-inches. 
'  Ammunition  for  the  M60  is  the  standard 
NATO  cartridge  which  can  be  fired  at  a  »sus- 
tained  rate  of  lOO-roui^s  per  minute  fc^  10- 
minutes,  after  which  the  barrel  must  be  ch&ged. 
On  rapid  fire,  the  M60  can  deliver  up  to  20O- 
rounds  per  minute  for  two  minutes,  before  the 
barrel  must  be  changed*  The  cyclic  rate  of  fire 
ig  500-600  rounds  per  minute,  with  a  barrel 
change  required  every  minute.  Muzzle  velocity 
Is  2700  feet  per  second  with  a  maximum  range 
of  3500  meters  (4000  yards).  The  mfiCximum 
effective  range  is  1100  meters  (1200  yards). 

The  majo^  groups  and  assemblies  of  the 
M60  machinegun,  along  with  an  index  to  the 
groups,  are  shown  in  figure  4-84.  Figure  4-83 
shows  the  gun  mounted  on  a  bipod.  It  may 
also  be  mounted  on  tripod  mount  M122  (fig. 
4-85).  The  method  of  installing  the  gun  on  the 
tripod  mount  is  shown  in  figure  4-86. 


The  '  M60  machinegun  (fig.  4-83)  is  used 
primarily  as  a  supporting  element  of  a  rifle 
company.  The  weapon  is  used  both  offensively 
and  defensively  to  support  the  rifleman  and  pro- 
vide him  with  a  heav>,  controlled  and  accurate 
fire  that  i.s. beyond  the  capability  of  the  indi- 
vidual sniall  arnis.  The  weapon  can  effectively 
engage  piedetei  mined  targets  under  all  conditions 
of  visibility.  \ 

A  most  significant  design  feature  of  the  M60 
machinegun  is- fixed  headspace  which  enables  the 
barrel  to  be  changed  in  only  Chree  seconds^  This 
allows  rapid  cooling,  and  accounts  for  the  M60s 
increased  ri&te  of  fire  over  other  earlier  machine- 
guns.  I 

GENEiLAL  DEtjClUPTlON  AND  DATA 

The  M60  machinegun  is  a.  belt  fed,  gas 
operated,  air  cooled,  automatic  weapon.  Am- 
munition is  fed  into  the  gun  by  a  disintegrating 
metallib  split-link  belt.  Its  operation  is  similar 
to  -that  of  the  M14  rifle,  in  that  the  trapped  gases 
from  the  previous  exploding  cartridjge  provide 
the  energy  required  Vo  load  and  fire. the  next 

roundt  Initially  the  weapon  is  fired  from-  the  >  ... 
bolt  open  position.  When  the  trigger  is  squeezed,  J  A  cartridge  case  may  rupture  so  that  the 
the  operating  rod  .and  bolt  niove  forward,  chani-X  forward  portion  remain^jn  tlje  chainber  and  only 
bering.and  firing  the  first  round.  This  actltrfi  the  rear  portion  Is  extracted.  When  a  rupture 
will  continue  automatically  as  long  as  there  is  of  this  typ^ occurs,  a  new  rdund  will  be  fed 
ammunition  and  the  trigger  is  held  to  the  i^ar.     into  the  chaniBer,''  and  the  fpllowTng  maybccur:^ 


LOADING  AND  FIRING 

<j 

Animunition  for  the  niachinegun  is  fired  from 
a  nictallic,  split-link  belt  containing  100  rounds. 
At  one  end  of  the  link  belt  there  is  a  double 
link,  that  is  started  into  the  gun.  Figure  4-87 
shows  the  steps  in  loading. and  firing  the  M60 
machinegun.  ' 

CASUALTIES 

Runaway  Gun 

A  brpken  or  worn  sear  may  cause  the  cas- 
ualt}'  called  "runaway  gun,"  a  situation  in  which 
the.  gun  continues  to  fire  after  the  trigger  is 
released.  When  this  casualty  occurs,  you  hold 
the  fire  on  the  .target  until  feeding  stops  or 
the  ammunition  is  e^qpended.  You  then  notify 
maintenance  personnel  at  once. 

Ruptured  Cartridge  Case 
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Figure  4-83, — 7,62-mm  machinegun  M60, 


1,  'Incpniplete  chambering,  because  the  live 
round  cannot  be  seated  fully.  It  may  be  com- 
pressed enough  to  cause  detonation,  with  possible 
daniage  to  the  gun,  injury  to  personnel,  or  both, 

2,  A  round  driven  into  the  ruptured  case 
without  detonation.  You  remove  this  roimd  by  the 
following  steps,  (aj  Retract  bolt  and  move  safety 
to  b  position,  (b)  Insert  cleaning  rod  in  muzzle 
end  of  barrel,  set  against  nose  of  cartridge,  and 
tap  rod  gently  to  eject  cartridge  from  chamber. 

To  reniOve  a  ruptured  cartridge  case  from 
the  breech,  you  use  the  ruptured  cartridge  case 
extractor  shown  in  figure  4-88,  You  insert  the 
ruptured  cartridge  case  extractor  through  the 
case,  insert  the  cleaning  rod  from  the  muzzle 
end  of.  the  barrel,  and  drive  out  the  case  by 
tapping  the  jod  lightly. 

Misfire,  Haijgfire,  and  Cook-Off 


A  misfire  is  a  complete  failure  to  fire,  A 
hangfxre  is  a  delay  in  functioning  of  a  prdpel^ 
ling  charge— .that  is,  a  situation  in  which  the 
prlmer^in  the'  cartridge  case,  after  being  struck 


by  the  firing  pm,  does  not  detonate  the  propel- 
ling charge  immediately,  but  does  detonate  it 
after  an  interval.  NOTE;  A  misfire  must  be 
treated  as  a  hangfire  until  it  is  established 
that  the  round  will  not  at  some  time  detonate, 
A  cook-off  is  the  firing  of  a  chambered  round 
caused  by  the  heat  of  thP  hot  barrel.  A  cook-off 
may  occur  as  long  as  5  minutes  after  the  round 
has  been  chambered. 

If  a  stoppage  (failure  of  a  round  to  fire,  and 
consequent  stoppage  of  feed)  occurs,  it  may 
be  either  a  misfire  or  a  hangSre,  and  should  be 
treated  as  a  hangfire.  Walt  5  seconds,  and  then 
pull  the  cocking  handle  all  the  way  back,  ensuring 
that  it  stays  back. 

If  this  procedure  ejects  the  chambered  round, 
relay  the  gun  on  the  target  and  attempt  to  fire. 
If  the  weapon  does  not  fire,  it  must  be  cleared 
by  qualified  personnel  and  the  ammunition  inspec- 
ted to  determine  the  cause  of  the  stoppage. 

If  pulling  back  the  "cocking  handle  fails  to 
eject  the  chambered  round,  move  the  safety  to 
S  (safe)  position,  remove  ammunition  and  links, 
and  inspect  the  receiver,  chamber,  and  extractor. 

If  there  is  a  round  in  the  chamber,  mov^the 
.safety  to  F  (fire)  position  and  attempt  to  fi|^. 
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1.  Barrel  assembly  with  b^od  assembly 

2.  Trigger  mechanism  grip  group 

A.  Leaf  spring 

B.  Retaining  pin 

C.  .  Trigger  mechanispi  grip  assembly 

3.  Shoulder  gun  stock 

4.  Forearm  asse'mbl]^ 

5.  Cover  assembly  and  cartridge  tray  assembly 

groups 

A.  Hinge  pin  latch 

B.  Hinge  cover  pin 

C.  Spring 


D.  Cbv^r  assembly  ^  t 

E.  Cartridge  tray  assembly    '  I 

6.  Buffer  assembly  and  operating  rod  assembly 

groups 

A.  Retaining  buffer  yoke 

B.  Buffer  assembly 

C.  Driving  spring  guide  assembly 

D.  Spring 

E.  Operating  rod  assembly 

7.  Breech  bolt  assembly 

8.  Receiver  group  ; 
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Figure  4-84,  — Major  groups  and  assemblies  of  M60  machineguns. 


If  tHe  round  fires  and  the  case  is  ejected,  reload 
the  gunf  relay  ,on  the  target,  and  continue  firing. 

If  the  round  in  the  chamber  does  not  fire  and 
the  gun  is  hot  enough  to  cause  a  cook-off  (if 
200  rounds  were  fired  within  the  previous  two 
nunutes,  it  may  be  hot  enough),  wait  five  minutes 
with  the  bolt  in  forward  position.  Then  remove 
the  round,!  reload,  rela>  on  thg  target,  and  attempt 
to  fire.  Disregard  the  5-atinute  wait  if  the  gun 
is  not  hot  enough  to  cause  a  cook-off. 


DouWe  Feed 

••Double  feed^^  is  a  situation  in  which  a 
live  round  is  fed  into  a  chambered  spent  case 
or  chambered  live  round. 

When. the  gun  fails  to  extract  a. spent  case, 
the  bolt  automatically  recoils,  picks  up  the 
next  (live)  round,  and  feeds  it  into  the  chambered 
case^.  The  force,  may  compress  the  live  round 
enou^iv  to  detonate  it,  with  damage  to  the  gun  and 
.  injury  to  personnel. 
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ADAPTKASSEMBLY^; 
RELEASE  lEVER 


ELEVATING^ 

•5     TRAVERiWGiSUDEl  HANDWHEEL 
LOOCASSE«©LY 
LEVER 

*  ,   TRAVEJtSING  BAR 

SUDING  SLEEVE- 


TRAVERSING  ^^9^' 
HANOy/HEEL 


IPLATFORM  AND  - 
IPfNTlE  GROUP 


TRIPOD 
HEAD 


PINTU 
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Figure  4-85.— Machinegun  tripod  mount  M122. 


CARRYING 
HANOU 
ASSEMftiy 


IgTEP  K  ENGAG^^RONT  Of  WEAPON  10  AMOUNT. 
5  .  ,  - 


TRAVERSING 
SLIDE- LOCK 
ASSEMBLY ' 
LEVER 

STEP  2,  ENGAGE  REAR  OF  WEAPON  TO  MOUNT. 


29.375 


Figure  4-86.— Installing  M60  machinegun  on  tripod  mount. 


Double  feed  mto  a  live  round  will  not  occur 
automatically  because  when  a  round  fails  to  fire, 
the  bolt  does  not  recoil,  but  remains  in  for\vard, 
closed  position.  ,The  cor/ect  procedure  here  is 
to  proceed  as  described  for  a  hangfire.  If, 
instead  of  ^oing  this,  you  charge  the  gun  manually 
^and  pull  tl\e  trigger,  the  next  »round  will  be  fed 
mto  the  pn  Jier  in  the  babe  of  the  chambered  live 
round,  causing  one  or  both  round^>  to  detonate, 
with  damage  to  the  gun  and  injury  to  personnel. 


WARNING;' If  there  is  belted  ammunition  on 
the  f^ed  tr^y  and  a  live  round  in  the,  chamber, 
NEVER  retract  the  bolt  «iid  SjUow  it  to  go  forward. 

FIELD  STRIPPING     •  '  ' 

The  steps  in  field  stripping  the  M60  machine- 
gun  are  shown  in  figure  4-89  through  4-95.  White 
arrows  shown  on  illustrations  indicate  disassem- 
bly, black  arrows  indicate  assembly. 
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CAUnOK:  CUAX 
WEAXON  KFOKE 
LOADING. 


STEP  1.  RETKAa  COCKING  HANOU  KASWMD, 
PUSH  HANDLE  FORWARD  AND  MOVE  SAfUY  TO 
^--(SAfE)  POSmON. 

lOkUL  CAmiNG  HANDU 


STEP  2,   OPEN  COVER.   LOAD  AMMUNITION  WITH 
DOUeU  LINK  LEADING,  OPEN  SIDES  OF  LINKS 
DOWN  AND  FIRST  ROUND  IN  FEED  TRAY  GROOVE. 


STEP  3.   RAISE  SIGHT  AND  PLACE  SAFETY  IN       FIRE  POSITION.   PULL  TRIGGER. 


29.376 


Figure  4-8f.— Steps  in  loading  and  firing  the  M60  machinegun. 


THE  40-MM  GRE^ADE  LAUNCHER  M79 

The  grenade  launcher  M79  (figsl  4-96  and 
4-97)  is  a  sihgle-shot,  break-open  fire  weapon. 
It  is  breech  loading  and  chambered  for  a"46-ihm 
metallic .  CEurtridge  case  witK  internal  primer. 
Cartridges  used  with  the  grenade  launcher  M79 
axe  shown  in  figure  4-98. 

CONTROLS  OF  THE  M79 
GRENADE  LAUNCHER  ^ 

The  S9^ety  (fig.  4-99)  is  in  SAFE  position 
when  pulled'  all  the  way  back,  in  firing  position 
when  pushed  all  the  way  forward. 

The  barrel  locking  latch  (fig.  4-99),  when 
pushed  all  the  way  to  the  right,  permits  the 
breech  end  of  the  barrel  to  tN3  swung,  up  into, 
open  position.  The  grenade  launcher  cocks  as 
it  opens.   ,  •.  i 

'  The  recu:  sight  assembly,  is  shown  in  figure 
4-lOd. 

In  figure  4-99,  the  trigger  guard  is  shown  in 
lowered  position.  It  can  be  released  for  setting 
to  one  side  or  the  other  by  pushing  back  the 
cylindrical  housing  at  the  front.  This  makes  it 


possible'  for  a  man  wearing  heavy  gloves  or 
mittens  to  fire  the  grenade  launcher. 

OPERATING  THE  M79  GRENADE  LAUNCHER 

Preparation  for  firing— Check  the  ,bore  to 
be  •  sure  that  it  is  free  of  foreign  matter  or 
obstructions.  Check  all  ammunition  to  be  sure 
proper  type  and  grade  is  being  used.  Check  the 
launcher  to  be  sure  that  it  is  properly  cleaned. 
Inspect  for  malfunction  and  other  defects. 

Loading— Point  muzzle  of  launeher  at  the 
ground  and  clear  the  Eirea  of  all  personnej. 

Move  barreriocking  latch  all  the  way  to  i&e 
right  and  break  open  the  breech.  If  safety  is 
not  already  on  SAFE,,  this  procedure  will  cause 
it  to  move  to  SAFE,  provided  that  you  move  the 
barrel  locking  latchits  FULLLIMITOF  TRAVEL. 

Insert  the  projectile  portion  of  the  ammuni- 
tion into  the  chamber  opening  (fig.  4-101)  and 
push  the  complete  round  fory/ard  into  the  cham- 
ber until  the  extractor  contacts  the  rim  of  the 
cartridge  case. 

Close  the  breech.  >  i 

Firing— The  launcher  is  fired  from  either 
standing  or^prone  position.  In  the  standing  posi- 
tion the  butt  is  placed  against  the  shoulder 
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Figure  4-88.  - 


29.377 

Ruptured  cartridge  case  extractor. 


(fig.  4-102).  In"  the  prone  position  the  butt  is 
placed  against  the  ground  (fig.  4-103), 

A  detailed  discussion  of  si^t-setting  is  be- 
yond the  scope  of  this  course.  However^  to 
engage  target^  at  ranges  from  50  to  .80  meters 
(165-265  feet),  the  reaj:  sight  frame  assembly  is 
placed  in  the  lowered  (called  the  •'battle  sight* ») 
position  (fig.  4-102).  Longer  ranges  are  fired 
with  ther  rear  sight  frame  in  upright  position 
(fig.  4-103),  and  the  sight  aperture  bar  set  at 
the  approximate  target  range  of  the  scale. 

When  firing  grenades  at  targets  within  cat- 
tle sight  ranges  (50-80  meters  or  165-265  feet), 
the  operator  must  be  in  a  protected  position. 
Targets  which  are  within  80  meters  (265  feet) 
of  friendly  troops  must  not  be  fired  upon. 


FIELD  STRIPPING  THE 
GRENADE  LAUNCHER  M79  " 

Field  stripping  the  grenade  launcher  M79 
consists  of  separting  the  fore  end  assembly 
from  the  barrel  and  receiver  group,  an'd  sepa- 
rating the  stock  from  the  receiver  group. 

To  remove  the  fore  end  assembly,  first  use 
the  wrench  assembly  shown  in  figure  4-104  to 
remove  the  machine  screw  shown  in  the  same^ 
iigure.  Then  pull  front  end  of  fore  end  assembly 
away  from  barrel,  ai  shown  in  figure  4-105, 
until  the  lug  on  the'  rear  sight  base  is  clear 
of  hole  in  upper  surface  of  fore  end  bracket. 
Keeping  lug  clear  ctf  hole,  pull  forward  on  fore 
end  assembly  untit^it  is  tree  of  receiver  assem- 
bly. ' 

To  remove  the  barrel  group  from  the  re- 
ceiver group,  first  'open  barrel  locking  latch 
and  open  breech.  Then,  holding  stock  and  re- 
,  ceiver  stationary,  move  the  barrel  rearward 
in  the  receiver  until  it  is  disengaged  from 
fulcrum  pin  as  shown  in  figure  4-106.  Separate 
barrel  from  receiver  group. 

To  sepEirate  the  stock  from  the  receiver 
group,  use  combination  wrench  a^mbly  as 


OftN/CLOSE  8IPO0  ASS£M8tY  LEGS.  . 


CAUjrON:  PRESS  TRfGCER  AND      '  -ir-f 

siowlV  reuase  handle,^ 
charge/tire  machine  gw. 


>UCE  SAfETY  tti  *S*/f  •  fOSIflON. 
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Figure  4-89.— Field  stripping  the  M60  machinegun^^ 
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OfWCLOSE  BAMEL  LOGIC  UVtt.  *    REMOV^INSTAa  BARREL  ASSEMBLY  WITH  BIPOD  ASSEMBLY.' 


COMBINATIOM 
SCREWDRIVER 
.  ANOREAMER 
I    WRENCH   .  .  . 

GAS  CYUNOa 
KEY  jEXTENSION 
'  WASHER 


REMOVE 


NOTE  POSITION 
OF  GAS  PISTON 
FOR  ASSEMBLY 


*^^NSTALL  GAS  CYLINDER  EXTENSION  AND  REMOV^NSTAU  GAS  PISTON. 
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Figure  4-90»— Field  stripping  the  M60  machinegun— continued. 


shown  in  figure  4-107  to  remove  pan-headed 
^machine  screw  which  secures,  stock  to  receiver 
group.  Separate  stock  from  the  receiver  group. 

^      SAFETY  P|lECAUTIONS  ' 

Small-arms  safety  precaution,  like  all  safety 
precautions,  axe  largely  a  matter  of  common 
sense.  Every  gun  should  be  considered  loaded 
until  proven  otherwise  by  examination;  never 
trust  your  memory  or  anyone  else*s  memory  in 
this  respect.  TO  THINK  a  gun  is  unloaded  can 
be  f atal#  Be  positive. 

never' -point  a  firearm  at  anyone  or  any- 
thing you  do  .not  intend  to  shoot,  or  in  any  direc- 
tion where  accidental  discharge  might  do  harm. 
When  checkiif^  operation  or  releasing  spring 
tension,  point  the  weapon  upward  or  in  some 
safe  direction  ^before  pressing  the  trigger.  Never 
place  the  finger  inside  the  trigger  guard  unless 
ready  to  fire. 

Do  not  work  on  a  weapon  you  do  not  thorou^y 
understand.  Ask  a  senior  ordnanceman  or  other 
qualified  personnel  to  instruct  you  if  possible; 
otherwise  refer  to  the  proper  technical  publica- 
tion. Never  use  force  in  disassembling  and 


assembling  small  arms.  They  are  so*  constructed 
that  undue  force  is  unnecessary  if  parts  are 
properly  assembled  or  removed. 

Safety  features  should  be  frequently  tested 
for  proper  Jimctidning.  For  obvious*^reasons,  an 
inoperative  safety  device  is  more  dangerous  than 
no  safety  device  at  all. 

In  weapons  with  detachable  magazines,  always 
remove  the  magazine  as  the  first  step  in  un-. 
loading  or  clearing  a  stoppage.  It  shoxdd  be  noted 
that  With  ALL  magazine-fed  weapons,  the  shape, 
position^  and  condition  of  the  magazine  lips 
are  extremely  critical  and,  if  dented,  will  inter- 
"  fere  with  proper  feeding  of , the  cartridge  into  the 
chamber.  The  majority  of  stoppages  in  magazine- 
fed  weapons  is  due  to  faulty  magazines  and 
consequently  care  must  be  taken  when  handling 
them  not  \o  cause  damage. 

Before  loading  ammunition  into  the  weapon, 
check  for  dirt,  oil,  grease,  malformation,  loose 
bullets,  or  other  defects. 

Checli  the  bore  prior  to  firing  to  be^sure  it  is 
free  of  foreigji  matter  or  obstructions.  If  during 
firing  there  is  any  indication  of  misfire  or  weak 
charge,  make  sure  the  bullet  is  not  lodged  in  the 
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REMOVE  INSTALL  RETAINING  PIN,  SEAR, 
SEAR  PCUNGER  AND  STfilNG. 


REMOVE/INSTALL  .PIN  AND  WIGGER  ASSEMBLY. 
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Figure  4-91,— Field  stripping  the  M60  machinegun'^  continued. . 


bore.  An  obstructed  bi^re  will  cause  a  serious 
accident  when  the  next  round  is  firedl 

To  minimize  danger  froni  hangfire,  wait  10 
seconds  after  a  misfire,  then  clear  the  weapon 
quickly.  If  the  weapon  cannot  be  cleared  quickly 
and  the  barrel  is  hot,  DANGER  OF  COOKOFF 
EXISTS.  Leave  the  round  in  the  chamber,  point 
the  weapon  in  a  safe  direction,  and  allow  it  to 
cool  before  removing  the  misfired  round. 

SPECIAL  PRECAUTIONS  * 
oFOR  PISTOLS  AND  REVOLVERS 

Autoniatic  pistols  inthehandsof  ine;q>erienced 
or  careless  persons  are  largely  responsible  for 
the  saying  »^t»s  ^always  the  imloaded  gun  that 
kills.' •  It  is  a  fact  that  many  accidental  deaths 
and  iniiiries  are  due  to  a^mistaken  belief  that 
removing  the  magazine  of  a  pistol  (qx  other 
azine  fed  weapon)  is  all  that  is  necessary  to 
unload  it.  Nothing  could  1^  ^further  from  the 
truth.-  To  completely  unloaS^  a  pistol  ojher 
matgazine  fed  weapon  ancl  render  It^safe  to  handle, 
it  is  necessary  to  not  only  remdve  or  empty  the 
m^azine^  but  ^  also  to  MAKE  ABSOLUTELY 


CERTAIN  THE^  CHAMBER  IS  EMPTY.  The  only 
way  this  caA  be  done,  when  handling  the  cali.ber 
.45  pistol,  is  to  pull  back  the  slide  and  inspect 
the  chtaiber  either  visually  or  by  feel  if  it  is 
dark.  This  should  be  done  AFTER  tlie  magazine 
is  removed,  aii^with  the  muzzle  pointed  upward. 
Of  course,  if  tHe  chamber  is  loaded,  the  roupd 
will  be  extracted  and  ejected  when  ttie  slide  i^ 
operated.  '1  didn't  know  it  w^a$  loaded*^*  is 
never ^an  excuse  for  the  accidental  discharge  of  a 
weapon— especially  for  the  ordnanceman. 

When  ,  handling  revolv^B,  a  simple  visual 
inspection  is  sufficient  W  determine  *  if  any 
chambers  in  the  cylinder  are  loaded. 

JC^ep  hamnfer  fully  down  when  pistol  6r 
revolver  is  npt  loaded. 

^When  the  pistol  is  cocked,  k^p  the  safety 
lock  in'  the  ON  position  until, ready  to,  fire. 

V  ,  .Let^s  ^reViejv.  briefly,  some  of  the  safety 
precautions  that  apply  to  the  handling  of  ALL 

/small  arms:       .  ' '  - 

,  .  1.^  Never  point  a  weapon  at  anyone  unless  you 
4fiitend  to  kill  him^ 
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OEWESJ 

INSERT  DUMMY  CARTRIDGE  AND 
DEPRESS  LATCH  !N  STOCK 


removE/In^all  shoulder  gun-stock  assembly. 


depress  ^ 
sjsert  dum/ 

EPi^EiS  LAT< 

emove  in$ 


jnsert  dummy  cartridge  and 
omis^i  latch  in  forearm 

remove  install  forearm  assembly. 

BP 


open,  close  cover  assembly 


S£f/OVE  install  *t|NG€  PIN  UTCH  AND  HJNGE 


Figure  4-92.  — Field  stripping  thQ.M60  madhinegun— continued.* 


j^^^  ,    j RECEIVER 

-^^.l^il^i.'^^.^^^*^^  6C  PLACED  AGAINST  LEFT  ^ 
,  SIDE  OF  CCVIR  MOUNTING  LUGS.  PROTRUDft^G  END 
OF  SPRING  PUCED  IN  HOLE  OF  RECEIVER^  > 

REMpVE/INSTALt  COVER  AND  TR.*Y  ASSEMSty, 


REMOVE/INSTALL  RETAIN  I  NG^FFER  YOKE. 


I  -  YOKE 

2 -BUFFER  ASSEMBLY 
3  -  GUIDE  ASSEMBLY 
4 -SPRING 
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er|g 

MfflifflilffilfrTifl^H 


•EMCvWnSTALL  BipEI?  ASSEMBLY,  DRIV!W<>  SPRING  QUID^SSEMBLV  AND  SPRING.  * 

-figure  '4-93.— Field  stripping  the  Mfi'O.machin^gun^ continued. 
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MAKE  CERTAIN  THAT  THE  BOLT  PROTRUDES 
ONLY  HALF  WAY  FROM  RECEIVER.  INSERT 
YOKE  BETWEEN  SPOOL  AND  FRONT  PORTiON 
OF  BOLT;  GRASP  BOLT  AND  ROD  WITH  HAND; 
i WITHDRAW.  '   .  - 


"^^^^         BOLT  ASSEMBLY 


YOKE 


REMOVE/INSTALL  OPERATING  ROD  ASSEMBLY  AND 
?Skl  ^aU^^I^-T-  «TRAa  COCKING  HANDLE 
SliDc  ASSEMBLY."^  z 


REMOVE  INSTALL  YOKE. 


OPERAtlNG  ROD 
^  AS^MBLY 


^0' 


«#«OVE,  INSTALL  BOLT  A5SEMBLY, 


Figure  4-94.— Field  stripping  the'M60  machinegun — continuei^. 
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1  -  PLUG  m^  J\H  ASSEMBLY 

A-PJN  - 
iB  -  PLUG 

ACTUATOR 
3  -  SPRING 
i-BEARIKG. 
5-  FiRING,vPlN  , 
6;,- BOLT  / 
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DISASSEMBLE/ASSEMBie  3CL7  ASSEMBLY 

^Figure  4-95.— Field  stripping' the  M60  machinegun— ::6qntlnued/ 
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2.  Unless  the  weapon  is  to  be  used  immedi-. 
ately,  never  carry  it  with  a  round  in  the  chamber, 

3.  Unless  you  are  about  to  fir.e  it,  the  safety 
of  every  small  arms  wet^n  must  always  be 

ON.'       ;  ,  ' 

^  4.  Consider  a  gun  loaded  until  you  yourself 
have  opened  the  chamber  and  verified  that  it  is 
empty.  It  isn't  enough  to  wail,  afterward,  '1 
didn*tknow  it  was  loaded.^VXhe  ••empty**  weapon 
is  the  dangerous  one.       /  , 

5.  Before  firing  any  weapon^  be  sure  that  there 
are  no  obstructions  in  the  bore. 


.  S.  Before  firing  any  weapon,  be  sure  the 
ammunition  you  are  using  is  the  rl^t  ammuni- 
tion. For  example,  the  caliber  .30  carbine  cannot 
use,  standard  rifle  ammunition.  Nor  should  you 
try  to  use  Very  signals  with  shotguns,  even 
though  they  look  much  like  shotgun  shells. 

7.  Before  firing,  be  sure  there  is  no'grease 
or  oil  on  the  ammunition  or  in  ihb  bore  or 
chamber.  Although  lead  bullets  may  be  lightly 
waxed  or  leased,  there  must  NEVER  be  any 
lubricant  on  the  cartrid^  case.  (This  does  not 
apply  to  aviation  ammunition.)  Lubricant  on  the 
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case  oc^  chamber  is  particulg^rly  bad 'because, 
.upon  firing,  the  case»slips  backward,  causing 
a  'dangerously  heavy  .thrust  against. the  bolt. 

8,  Keep  ammunition  dry  ^d  cool.  Keep  it 
out  of  the  direct  rays  of  "the  sun.  Keep  ammuni- 
tion clean,  feut  do  "NOT  polish  it  or  use  abrasives 
on,  it.Tio  not  attempt  to  use  dented,  cartridges, 

-  c^ridgea  with  loose,  bullets,  or  cartridges  eaten 
away  by  corrosion.  Be  particularly  careful  with 
tracer  ammunition,  which  can  ignite  spontaneously 
if  damp,   >  ' 

9.  Misfires  and  tfai^fires  can  occur  with 
small  arms  ammunition  as  well  as  v/ith  6ther 
types.  On  some  weapons  like  the  automatic 
pistol,  the  line-throwing  gun,  and  a  few  others, 
you  can  recock  and  attempt  to  fire  again  without 
opening  the  breech.  If  after  a  couple  of^  tries 

.  tlus  proves  ifiisucessful,  of  if  the  wSapbn  cannot 
be  recocked  without*  opening  the  bolt,  wait  at  least 
10  seconds,  then  open  the  bolt  and  eject  the  de- 

,  fective  round.  Defective  small  arms  ammimition 
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Figure  4-98,— Cartridges  used  with 
grenade  launcher  M79. 


BARREL  LOCKING 
lATCH 


TRIGGER  GUARD 
ASSEMBLY 
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Figurev4-99,— Grenade  launcher  controls. 
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Figure  4-100.— Rear  sight  assembly. 
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Figure  4-102.  — Firing  grenade  launcher  , 
in  standing  position. 


WRENCH 


<i  29.369 
Figure  4-104,— Removing  screw  securing  fore 
end  assembly  to  barrel. 


should  be  disposed  of  in  accordance  with  current 
regulations.  It  is  prohibited  to  force  out  a  bullet 
by  firing-another  bullet. 

A  misfire  with  blank  cartridges  may  leave 
unbumed  powder  deposited  in  the  bore;  always 
check  the  bore  after  any  misfire  and  clean  if 
necessary. 

10.  Guard  against  BLOWBACK.  In  this  con- 
p^^tion7  blowback  refers  to  leakage  of  high- 
pressure  gases  to  the  rear  around  the  cjosedbblt. 
It  can  be  caused  either  by  excessive  wear  of  the 
bolt  or  chamber,  by  obstructions  that  foul  the  bore, 
or  Iqr  both.  Blowback  can  be  avoided  by  gaging  and 
checking  your  weapons  regularly  and  replacing 
worn  parts  as  indicated,  and  by  checking  (see  No. 
5  above)  to  be  sure  that  there  are  no  obstructions 
in  the  bore. 


29.368 

Figure  4-103.  —  F^Hng  grenade  launcher,^ 
in  prone  position. 


STOW  AND  ISSUE  SMALL  ARMS 


As  a  GMG  you  are  responsible  for  the  security, 
stowage,  maintenance,  and  issue  of  all  small  arms. 

Increasing  reported  instances  of  animuflition 
and  weapon  pilferage  by  dissident  groups  and 
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29 ,37 2 

Figure  4-107, -r Removing  scre\v  attaching  re- 
ceiver group  to  stock  assembly. 


individuals  indicates  the  necessity  for  stricter 
control  of  storage,  security,  j?ustodial  responsi- 
bility, and  inventory  reconciliation  procedures  for 
easily  pilfered  items,  which  include  small  arms. 

Small  arms  should  always"  be  stowed  in  an 
authorized  and  secure  stowage  to  preclude  pil- 
ferage* A  strict  accountability  must  be  maintained 
at  all  times. 

All  small  arms  are  considered  equipage,  and 
a  signature  of  subcustody  is  required  befoje  they 
are  issued  from  their  normal  place  of  stowage. 
It  is  important  to  get  the  signature  of  tte  man 
receiving  the  weapon;  any  type  of  signed  custody 
record  may  be  used  as  long  as  it  bears  the 
receiving  individual's  signature.  The  important  ' 
'  thing  is  to  keep  the  weapon  locked  \xp  and,  when 
'  il.is  issp^f?,.  get, a  signature.  .  ^ 

.  Maintenance  of  small  arms  cannot  be  stressed 
too  strongly.  The  weapons  must  be  field  stripped, 
inspected,  and  cleaned  after  use.  To  prevent 
corrosion,  a  light  coat  of  oil  should  be  E^jplied^ 
to  e^qjosed  surfaces  while  the  weapons  are  in 
their  normal  stowage.  Prior  to  issue  all  oil 
must  be  removed.  •  . 
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CHAPTERS 

LANDING  PARTY  EQUIPMEIsIt  AND 
DEMOLITION  MATERIALS 


As  a 'Gunner's  Mate  3  you  arq  required  to 
know  how  to  isstie,  assemble,  and  denionstrate 
the  use  of  landing  party  equipment.  This  also 
includes  maintaining  the  equijfitnent  in  good  repair. 
Currently  the  reference  for  assisting  you  in 
performing  these  tasks  is  the  Landing  farty 
ManuM  *<LPM),-  OPN:\V  P34-03;  HoweverT  thTs 
manual  is  presently  under  revision  with  com- 
pletion expected  in  tlxe  near  future. 

The  two  n^anuals  that  will  replace  the  current 
LPM  are:  the  Landing  Party  Manual,  NVVIP  50-4 
and  the  Landing  Party  Library  (LPL).  Some 
material  formerly  contained  In  the  Landing  Party 
Manual  has  been  eliminated  from  the  revised 
LPM  and  incorporated  in  the  LPL.  This  system 
will  assist  in  maintaining  currency  of  tiiat  ma- 
teria and  will  provide  more  tietailed  infonjiation 
concerning  a  given  subject  tiian  was  possible 
when  condensed  for  inclusion  within  earlier 
editions  of  the  Landing  Party  Manual. 

The  purpose  of  the  Landing  Party  Manual  is 
to  set  forth  the  mission  and  organization  of 
naval  -landing,  parties  and  emergency  ground 
defense  forces  and  to  provide  certain  technical 
information  and  tacticai  policies  and  procedures 
not  available  in  appropriate  form  in  other  source 
documents  and  publications. 

The  Landing  Party  Manual  (revised)  is  inr 
tended  for  use  as  a  guide  in  the  training  and 
operations  of  naval  landing  parties.  It  is  designed 
to  make  readily  available  to  all  Navy  personnel 
the  basics  necessary  to  the  conduct  of  ground 
combat  and  the  fundamentals  of  dealing  with 
civil  disturbances  or  riots.  References  tJo  naval 
landing  parties  and  afloat  units  are  also  intended 
to  be  utilized  by  naval  emergency  ground  defense 
forces  and  shore  stations^ 

The  purpose  of  the  Landing  Party  Library 
is  to  serve  a.s  a  source  for  the  training  and 
operations  of  naval  landing  parties  established 
by  units  afloat  and  emergency  ground  defense 


force  units  organized  at  naval  shore  estabhsh- 
ments.  It  contains  detailed  and  technical  infor- 
mation concerning  subject  matter  on'  the 
employment  erf  naval  forces  ashore. 

The  conduct  of  ground  force  operations  may 
require  the  use  of  naval ^anding^  party  pej&onnel, 
anoa  reasonable  state  of  readiness  for  such 
actions  should  be  mamtamed.  The  Landing  Paxty 
Manual  and  Landing  ^Party  Libreu^  contain  ade- 
quate doctrine  and  reference  material  for  train- 
ing personnel  in  the  required  skijls  of  a  landing 
party,    w  , 

In  scopei  this  chapter  falls  somewhere  between 
the  simple  requirements  of  a  Gunner's  Mate  3 
and  selected  coverage  of  the  Landing  Party 
Manual.  A  description  of  demolition  m*aterials 
and  equipment  .used  will  be  covered  following 
the  discussion jon  the  Landing  Party. 
"  In  this  section  we  will  discuss  the  following; 

LANDD^'G  PARTY  ASSIGNMENTS— what  you 
might  expect  to  be  doing  if  you  are  assigned  to  a 
landing  party. 

THE  EQUIPMENT  — what  it  is,  how  to  make 
it  up;  and  how  to  westr  it. 

THE. SHIP'S  LANDING  PARTY 

To  most  sailor  the  landing  party 
might  bring  to  mind  one  of  two  things.  First, 
a  peaceful,  if  dull,  march  down  main  street 
in  a  parade  or,  second,  mortal  hand-to-liand 
combat  with  enemy  troops  ashore.  While  both 
situati9ns  are  true  functions  of  the  landing 
partyr  the>  r€present  the  extremes.  The  landing 
par^  is  orgarflzed,  trained,  andequlpped  to  per- 
form the  following  functions; 

1.  Limited  ground  force  emergency  opera- 
tions generally  involving; 

a.  Weftpons  no  larger  than  small  ai:ms. 

b.  Equipment  limited  to  that  which  can  be 
reasonably  carried  on  the  person  or 
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supplied   from    other    equipment  and 
stores  normally  available, 
c.  A  duration  of  one  week  oir  les6. 

2,  Law  and  order  and  humaiutariari  functions 
during  disturbanceb  or  national  disasters. 

3,  Parades  and  ceremonies, 

4 

ORGANIZATION  OF  THE  LANDING  PARTY 

The  ship's  landing  party  varies  in  size*  and  , 
compositipn  according  to  the  type  of  ship.  It  is 
mandatory  Xhat  ships  follow  their  designated 
orgamzation\  closely  so  that  the  units  of  several 
ships  or  shore 'Stations  xiiay  be  banded  together 
to  form  a  larger  ground  force  with  balanced 
subordinate  umts  of  knowi:i  personnel  and  weapon 
strength.  A  destroyer,  for  exaffiple,  is  required 
to  maintain  a  14-man  rifle  squad;  an  amphibious 
type  ship  IS  required  to  maintain  one  rifle  platoon  ^ 
composed  of  1  ^officer  and  47  enlisted  men;  and 


Cys  and  cruisers  are  required  to  maintain  one  i 
rifle  company  composed  of  S  officers  and  204 
enlisted  men.  In  addition  to  the  above  require- 
ments, flagships  of  carrier  and  cruiser  divisions/  . 
groups  are  required  to  organize  battalion  head- 
quarters companies  for  battalions  formed  by  theiir 
divisions/groups.  In  addition  to  individual  ship's^ 
landing  parties,  two  platbon  headquarters  and  one 
company  headquarters  will  be  .organized  by  each 
squadron  of  DD,  DDG,  DLG,  DLGN,  DE,  DEG, 
and  DER  types. 

Figure  5-lA  shows  an  organizational  chart  of 
a  rifle  squacj.  Tbe  squad  is  made  up  of  a  squad*% 
leader,  a  grenadier  equipped  with  the  M79  grenade 
launcher,  and  three  fire  teams  consisting  of  a 
leader  and  3  men  each.  Squads  organized  for 
independent  duty  can  be  augmented  if  necessary. 
A  rifle  squad  consists  of  a  total  of  14  men. 

Figure  5-1^  shows  the  organization  of  a  rifle 
platoon  which  is  the  result  of  combining  the 
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S3  MEMBERS 


RIFLE  SQUAO 
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I  GRENADIER 
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3  MEMBERS 


ORGANIZATION, THE  RIFLE  SQUAD 


♦ 

RIFLE  PLATQON  ' 
lOFFICER 
47  ENLISTED 

 r  ; — 1 

PLAT.  HQ. 
I  OFFICER 
•5- ENLISTED 
6  TOTAL 


RIFLE  SQUAO 

14  ENLISTED 
14  TOTAL 


RIFLE  SQUAD 

]4  ENLISTED 
14  TOTAL 


RIFLESQUAD 

14  ENLISTED 
14  TOTAL 


B  ORGANIZATION,  tHE  RIFLE  PLATOON 

•    Figure  5-1.'— Organization,  the  rifle  platoon. 
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landing*  parties  cff  three  destroyers.  Notice  that 
•with  the  exception  of  the  six  people  at  the  pla- 
tan ^headquarters,  the 'major  xmit  of  the 'rifle 
platoon  is  the  rifle  squad.  The  normal  strength 
of  a  rifle  platoon  is  1  officer  and  47  enlisted 
m'fen.  In  addition  to  individual  weapons,  a  platoon ' 
may  be  equipped  with  antt-tank  weapons,  carried, 
by  personnel  so  designated  by  the  platoon  leader. 
-  A  platoon  organized  for  independent  missions  or 
one  which  comprises  the  entire  landing  party 
should  be  augmented  by  Appropriate  additional^ 
personnel  necessary  to  accomplish  the  assigned 
niission.  ^  '  *    ^     . ' 

The  machine  gun  platoon  is  coniposed  of  1- 
"officer  and  55  enlisted  men  and  is  divided  into 
3  machine  gun  sections.  Each  section  consists 
of  a  headquarters  unit  and  two  squads.. The 
section  leader  is  either  a  pet^  officer  second 
or  tiiird  - class  which  is  a  position,  you  as  a 
Gunner's  Mate,  may  well  fill.  In  addition  to 
individual  weapons,  each  squad  operatei5  and 
maintains  ojie  7.62  machine  gun  M60. 

At  the*Tifle,  company  level,  which  consists 
of  three  rifle  platoons  and  one  machine  gun  pla-' 
toon,  Qunner's  Mates  are  also  employed  as  small- 
arms  repairmen.  This  is  another  incentive  to 
learn  as  much  as  possible  about  the  operation, 
repair,  and  maintenance  of  small  arm.s. 

LANDING  PARTY  EQUIPMENT 

The  type  and  amCunt  of  equipment  carried, 
ashore  by  the  men  of  the  landing  party  depends 
on  the  nature  of  the  operation.  Since  it  is  intended 
that  the  naval  landing  party  will  not  be  jslnployed 
beyond  the  scope  of  '^limited  ground  force  opera- 
tions'* during  an  emergency,  the  equipment  and 
we^ns  prescribed  are  limited  to  light  infantry 
weapons  and  equipment  which  can  be  carried  on  the 
person.  The  equipment  we  are  primarily  con- 
cerned with  is  equipment  taken  ashore  and  used 
in  eniergency  field  operations.. 

Naval  landing  parties  engaged  in  combat  or 
civil  disturbances  (riot  or  crowd  control)  opera- 
tions will  normally  be  equipped  in  accordance  with 
Table -^5-1.  Actu^  combat  existence  and  sub- 
sistence' loads  will  be  prescribed  by  the  com-, 
mander  in  accordance  with  on  scene  cpnditions 
and  requirements.  Table  5-2  is  provided  to 
indicate  minimum  individual  equipment  necessary 
for  civil  disturbance  (riot  or  crowd  control) 
operations.  ^ 

Where  deemed  necessary  by  the  appropriate 
commander,  individuals  may  be  issued  special 
articles  of  equipment  to  conform  to  weather  and 
type  ot  operation. 


UNIFORMS  • 

Uniforms  and  other  articles  of  clothing  worn 
by  members  of  the  naval  landing  party  will 
depend  upon  ttie  individual's  assigned  mission 
and  nature  of  the  contemplated  operation.  The 
uniform  to  be  worn  is  prescribed  by  the  appro- 
priate commander.  Landing  parties  engaged  in 
combat  cu:.  civil  disturbance  operations  normally 
will  wear  uniforms  as  shown  in  Table  5-3. 
For  cold  weather  operations,  additional  articles 
pf  clothing  should  be  issued. 

WEARING  OF  EQUIPMENT 

Combat  equipment  is  worn  or  carried  in  a 
specified  standard  Ynanner  for  convenience,  uni- 
forni  appearance,  and  ease  of  inspection.  A  smart 
appearande  and  military  manner  are  closely 
associated  with  nroper  wearing  of  equipment.  High 
pquipment  stari^ds  shoxdd  always  be  maintained. 

PROTECTIVE  EQUIPMENT  /— 


ftelmet  and  Heli|i^t  Liner 

The  helmet  and  liner  are  always  worn,  in 
combat.  When  prescribed  by  the  appropriate 
commander,  ,the  liner  alone  may  be  worn  for 
law-enforcement   operations,   guard   duty,  or 
.  pjirades  and^cererponies.- 

When  properly  worn,  the  helmet affords^maxi- 
mum  protection  to  the  forehead,  temples,  and  back 
of  the  neck.  The  liner  headband,  helmet  chinstrap, 
and  liner  chinstrap  must  be  adjusted  to  the  head 
size  of 'wearer.  The  forward  edge  of-the,helmet 
should  be  on  line  and  .parallel  to  the  deck,  while 
the  rear  edge  of  the  helmet  should  be  low  over 
the  neck  ^d  parallel  to  the  deck.  The  chinstrap  of 
the  helmet  should  be  firmly  fastened  under  the 
chin,  and  the  liner  chin  strap  shoiUd'  be  tightly 
secured  over  the  front  edge  ^of  the  helmet. 

Armor  Vest  ^ 

.  The  amjor  vefit  is  designed  to  provide  pro- 
tection against  fow-vefocity  missiles,  fragments 
from  jnines,  grenad^,  mortar  shells,  *a|id 
artillery  fire.  The  vest  does  not  protect  against 
smaU-arms  fire,  although  it  tends  to  decrease 
its  se.verity.  The  vest  consists  of  a  nylon  filler 
which  includes  layers  of  tou^  nylon  cloth  stitched 
together  to  form  the  fragmentr-protection  portion 
of  the  vest.  A  i^yl-plastic  envelope  covers  the  « 
.ballistfc  nylon  filler  and  this,  Jjx  turn,  isenclosed 
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Table  Infantry  cbmbat  equipment  of  the  naval  landing  party 


BASIC  fNDlVlDUAL  COMBAT 
EQUIPMENT 

fUNKET/SLEePtNC  BAC 

1 

» 

• 

1 

f 

1 

1 

• 

1 

1' 

1 

1 

i 

1 

• 

1 

4B 

56 

2<0 

MCSS  KIT  - 

1 

1 

f 

1 

1 

' 

1 

1 

1 

1 

i 

t 

4B 

S6 

210 

CANTeEN  ASSEMBLY 

1 

1 

• 

1 

• 

• 

1 

1 

• 

1 

1 

1 

1 

1 

1 

1 

4B 

96 

210 

HELMET  ASSEMBLY,  BATTlE,  Ml 

1 

1 

1 

1 

1 

1 

1 

1 

1 

t 

1 

48 

S6 

210 

PACK,  FiCLO.COUPtrrE 

1 

1 

1 

• 

1 

1 

• 

1 

1 

• 

J 

1 

i 

1 

4B 

S6 

210 

FIRST  AlO  KfT,  iHOiViOUAL 

1 

( 

• 

1 

1 

1 

1 

• 

1 

1 

1 

1 

1 

1 

1 

48 

S6 

210 

POHCMO.wBl^HrEATHER  w/UNER 

» 

1 

• 

1 

• 

1 

1 

1 

• 

1 

1 

1 

1 

1 

1 

1 

48 

S6 

^iO 

TAG, i  0 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

96 

112 

420 

TEMT,  SMELTER  HALF.  COMPLETE 

1 

1 

1 

1 

1 

1 

1 

1 

t 

1 

1 

1 

4B 

S6 

21O 

.RVCKSACK 

1 

1 

1 

t 

1 

1 

1 

1 

1 

1 

i 

1 

1 

48 

S6 

2lO 

su^PuEME^^lART  individual 

COMBAT  EQUIPMENT 

BAYONET  KNIFE  MB  W/SCABBARO 

1 

1 

1 

1 

1 

1 

, 

, 

1 

1 

, 

i 

33 

42 

tS4 

1* 

1 

t 

1 

14 

S6 

t 

1 

1 

f 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

48 

S6 

210 

R<w  n^in  upc^^maer  muc  694  dm 

1 

1 

1 

2 

1 

2 

1 

9 

13 

47 

1 

II 

1 

1 

J 

1 

\ 

1 

IS 

II 

S9 

COTTER,  Assembly',  WIRE 

1 

4^  1 

9 

10 

BINOCULARS  7XS0 

f 

t 

1 

S 

12 

MASK,PROTECT(VE,  MI7A>   

1 

1 

1 

1 

1 

1 

1 

t 

1 

48 

96 

2iO 

UAGAZINCS.  MI4    ^  ^ 

S 

S 

7- 

S 

S 

S 

— 

S 

s 

S 

S 

S 

S 

S 

233 

20 

909 

PtSTOUAuto,  AiCAir'^  UAtiS^tt  MOtSTER 

1 

1 

1 

10 

14 

29 

U  S  RtFLE  762  M  M,MI4  W/A2  BiPOO 

( 

1 

1 

I 

( 

t 

1 

1 

US,  Rin^762  MM,MI4  MOOtFlEO  HAZBiPOO 

1 

9 

29 

.NTRENCMlNG  IO«L  SET  * 

1 

'  1 

1 

V 

I 

1 

1 

1 

1 

1 

i 

r 

i 

1 

48 

S6 

210 

WATCH  WRIST,  LUMINOUS,  WAT^RTlOKT 

1. 

1 

1 

1 

i 

WHiSTLt 

1 

1 

1 

1 

6 

II 

32 

GRENAOC  l;AUNCHElf  M76 

■1* 

3 

3 

9 

POUCHES.  AMMUNITION  RIFLE  ^ 

2 

2 

2 

2 

2 

2 

2 

2 

z 

2 

2 

2 

2 

88 

64 

312 

.    ^      ORGANIC  COMBATI 
EQUIPMENT 

« 

1 

OREnAOE  launcher  M79 

1 

3 

9 

aACH(NCGUN;r62  MM,  mBO 

\ 

1 

i 

6 

9 

'SPARE  8ARREl,CA3E.W/ASSESS0RIES 

1 

6 

MOUNT.  TRIPOO,  MACHINECUN  M 122  ^  ^ 

1.  STANOARO  navy  message  BtANM  it  ft  BE  USfeO  iHUtU  OF  N¥C  694  OM    ■  ^ 

2.  SHOVEJ.»PlCK  M  AT  TOOK,  OR  MACHETE*'      '         ^  .  *• 

3.  INCLUDES  BORC.CLtANlNO  BI^UfH, CHAMBER  ClEANJNC  BRU^H,  RECEIVER  aEANING  BRUSH, CARRYIN9  CASE.^TUREO  CARTRIOOC 
EXTRACTOR, MAGA2INE?*A8SEMBLY,  ASBESTOS  MITtEN.aEANIND  ^OO'.O  SECTION), COMBlNATlON'TOOt  > 

4' INCLUDES  TRAVERSING  ANO  ELEVATING  M£ffcj<ANl8MS 


2J6 
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Table  5-2.— Minimum  civil  disturbance 
equipment  of  the  naval  landing* party  ' 


aS.RjFLE,  7*62  MM,UI4 
WA>  AUTOMATIC  CAPABILITY 

1 

i 

MAGAZINE,  MI4 

4 

P*STOL    4S  CALIBER 

1 

UAGAZINE,  .45  CALIBER 

3 

GRENADE  LAUNCHER,  M79 

I 

HELMET  W/LINER 

1 

1 

BELT,  INOmDUAL,  MI956 

— T — 

1 

1 

POUCHES.  MAGAZINE 

4 

1 

FIRST  AID  KIT,  INoiVlDUAL 

1 

CANTEEN  ASSEMBLY 

ARMdRED  VEST 

1  ' 

1 

MASK.  PROTECTIVE.  FIELD 

1 

1 

84.392 


in  a  lightweight  nylon, cloth  coyer.  The  vinyl- 
plastic  envelope  forms  a  water-proof  barrier 
against  damage  from  moisture,  ditt,  and  other 
foreign  matter.  The  lightweight,  nylon  cloth  cover 
provides  camouflage,  wear  resistance,  and  addi- 
tional p3:otection  for  the  inner  parts  of  the  vest. 
The  cover  is  equipped  with  pockets  and  grenade 
hangers  as  shown  in  figure  5-2. 


The  vest  must  be^periodically  examined  for: 

1.  Tears,  puncture^,  or  damc^'  to  the  outer 
nylon  covfer. 

.  2.  Btinching  evidenced  by  lumps  or  distortion 
in  the  ballistic  nylon  filler.  Bunching  is  the 
creasing  and  ^folding  of  the  nylon  filler  within 
the  outer  easel 

3.  - Noticeable  increase  in  weight,  indicating 
that  the  nylon  filler  has  become  wet. 

4.  Damaged  or  dirty  hook-and-pile  fastener. 

5.  Broken  or  missing  elastic  IfiCces.  \ 

To  clean  the  vest,  use  warm  water  and  soap 
or  detergents.  Do  not  use  cleamng  solvent  or 
gasoline.  Do  not  ifold  the  vest  for  s^ag^. 

Protective 'Mask' 

The  M17  series  chemical-biological  ^ield 
'  protective  mask,  when  properly  fitted  and  worn 
with  the  hood,  gives  protection  against  field 
concentrations  of  all  known  enemy  chemical 
agents  in  vapor  or  aerosol  form  by  filter  ele- 
ments that  fit  in  the  cheeks^tf  the  face  piece.* 
They  filter  the  contaminated  air  but  do  not 
manufacture  or  produce  oxygen. 

.The  standard  field' protective  mask  is  the 
M17A1..  It  has  ks  an  aofeessory,  a  resuscitation 
tube  for  giving  mask  to  mouth  artificial  respi- 
ration by  a  masked  individual  to  an  individual 
casualty  in  a  contaminated  atmosphere.  The 
mask  has  a  voicemitter  to  facilitate  communica- 
tions, a  device  for  drinking  water  from  a  canteen 
while  masked  (including  a  water  canteen  cap 
which  is  to  be  carried  in  the  mask  carrier),  two 
eyelens  outserts  to  protect  the  eyelenses,  and  a 
water  proofing  bag  in  which. the  mask  can  be 
enclosed  to  protect  the  filter  elements  from 
damage  by  water. 

The  following  steps  are  used  to  don  the 
mask: 


Table  5r3.— Uniforms  for  combat  and  civil  disturbance  operations 


WARM 
WEATHER 
OPERATIONS 


COLO 
WEATHER 
OPERATION^ 


U.S.  NAVY 


OFFICERS  ftCPOS 


WORKING/ 
KHAKI 


WORKING,  BLUE 

OR  I 
WORKING,  KHAKi 


'  ENLISTED 


DUNGAREE 


DUNGAREE 


U.S.  MARINE  CORPS 


OFFICERS 


UTIUTY 


UTIUTY  WITH 
FIELD  JACKET 


ENUSTED 


UTIUTY  ' 


UTtLlTY  WITH 
FIELD  JACKET 


L  SFLFCTED  ITEMS  OF  WINTER  AND  FOUL  WEATHER  CLOTHING  SHOULD  BE  WORN  AS  PRESCRIBED 
Iy  TH^UNOlSrPARTY  C^^^^  ACCORDANCE  WITH  ON  SCENE  WEATHER  CONDITIONS. 
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HANGERS 


SIDE 
POCKET 
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Figure  vesU 

^> 

1.  Remove  headgea^vith  right  hand  and  open 
carrier  with  left  hand. 

2*  Hold  carrier  opeii  with  left  hand;  grasp 
f acepiece  just  below  e^pieces  and  remove  ftom 
case  with  right  hand.  *  ^  .  " 

3.  Grasp  facepiece^ith  both  handsV  sliding 
thumbs  up  inside  facepece  under  lower  harness 
straps.  Place  other  fingfers  straight  and  together 
outside  facepiece  above  eyepiece.  Lift  chin 
slighUy.  i 

4.  Seat  chin  pocket  of  facepiece  firmly  on  chin. 
Bring  head  harness  smoothly  over  head,  ensuring 
that  head  harness  strap|  are^  straight  and  hefid 
pad  is  centered.  ,| 

Sr  Smooth  edges  of||acepiece  on  face  with 
upward  and  backward  nfotion  of /hands,  pressing, 
out  of  bulges  to  secure  airtight.seal. 

6.  Close  outlet  valve  l?y  cupping  heel  of  hand 
firmly  ov^r  opening;  blow  hard  to  clear  agent 
from  facepiece. 

7.  '  Block  air  inlet  valve  'assemblies  shutting 
off  air  supply.  Inhale.  The  facepiece  will  collapse 
if  there  are  no  leaks;- resume  breathing. 

8.  Replace  headgear;  ^lose  carrier  flap. , 

LOAD  CARRYING  EQUIP^MENT 

Load  carrving  equipment  for  the  landingparty 
consists  of  apistoU  belt,  field  pack  suspenders, 
combat  field  pack,  intrenching  tool  carrier, 
unlversfid  ammunition  small  arms  pouch,  canteen 
cover,  sleeping  bag  carrier,  pack  adapter  strap, 
and  a  first  aid  kit.  The^load  carrying  equipment 
is  shown  in  figure  5-3. 


2  SUSPF>A)ERS,  fittO  PACK 
COMBAT 

5.  fiflD  pack,  combat 

<».  CARRIER.  iNTRtNCHjNO  TOOL 

6.  POUCH.  &MAU  ARhfS  < 


AMMUNITION,  UNIVERSAL 
6.  COVER.  CANTEEN  , 

7  fIRST  AID  KIT.  INOtVIDUAt 

8  CARRIER.  SLEEPING  BAG 
9,  STRAP.  PACK  ADAPTER 


'  84.395 
Figure  5-3.— Long  carrying' equipment. 


Suspenders 


The  cotton  webbing  Suspenders  with  pistol 
belt  are  the  -two  basic  individual  loading  equip- 
ment items.  .All  other  components  axe  suspended 
from  or  attached  to  these  two  items/The  sus- 
penders support  ,  the  field  pack  and  pistol  belt, 
but  may  be  worn  without  the  field  pack.  In  this 
'  case  ttie  suspenders  are  attached  directly  to 
the  pistol  belt  an  equal  distance  from  center  of 
the.  rear  of  the  pistol  belt.  This  will  help  to  keep 
weight  of  the  load  evenly  distributed  o^i  both 
shoulders.  '  ; 
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Field  Pack 


First  Aid  Kit 


The  cotton  duck  field  pack  is  9  inches  wide,        The  first  aid  kit  is  attached^  to  the  pistol 

8  3/4  inches  W'gh,  and  5  inches  deep/  U  has  an  belt  by  jneans  of  an  attaching  clip'on  ^ack  of  the 
J  e3q)andable  flap  securedby  two  straps  and  buckles,  kit.  The  case  cover  i&  sequred  by  two  snap  fas- 
'  Two  web  straps  on  the  bottom  permit  attach-   teneiis*  , 

ment  of  other  items.  A  handle  on  the.  flap  is    *  '       ,      ^  - 

used'  to  hand  carry  the  field  pack.  On  the  back^ 

are  two  attaching  clips,  and  eyelets  so  it  can  be 

attached  to  the  sufependers  and  pistol  belt. 

the  field  pack,  is  used  to  carry  individual 

rations  and  equipment  that  are  essential  during 
.  field  operations.^  It  is  designed  to  carry  it^ms 

'in  different  ways  to  meet  changing  cQruUtipnS. 
.  When  loading  the  pack,  plaS^  hard  items  such 

as  rations  on  the  outside,  with  softer  items  like 

clothing  on  the  insider  towards  the  wearer's  back. 

There  are  a  series  of  eyelets  at  the  edge  of  the^ 

pack  flap,  that  will  accomodate  the  doubl^  hooks 

used  on  old  style  field  equipment  carriers  for  * 

siich  items  as  macjietes  and  wire  cutters. 

'  Intrenching  Tool  Carrier 

The  intrenching  tool  carrier  is  attached  to  the 
pistol  belt  by  means'^  two  attaching  clips  lo- 
cated on  the  back.  An  attachment  for  carrying 
the.  bayonet  or  bayonet  knife  scabbard  is4ocated- 
in  front  of  the.  carrier. 


WEA^RING  LOAD  CARRYING  EQUIPMENT 
i  »       *  ^         ,  * 

Adjusting  Pistol  Belt  '  '    ,       »  • 

Un^sten*  the^hoc^  on  each 'end  o|^  the  belt 
from  the  center^  eyelet  and  adjust  belt  to  the 
waist  loose  en^ougb  so  not  to  iDonstrict  the 
clothing  and  engage  hooks  in  eyelet.  Move  a- 
sliding  keeper  into  jposition  near  to  each  hook  to 
prevent  book  from -uofastening.  The  other  sliding 
keeper  should,  be  moved  into  position  close  to  the 
malfe  and  female  belt  fasteners.  (See  fig*  5-4). 

Attaching  Shield  Pack  to  Pistol  pelt 

Lay  the  pistol  belt  out  flat  with  the  back 
facing^  up  and  the  male  fastener  to  the  left  as 
shown  in  figure  5-5.  Locate  c^ter  of  the  belt 
and'  insert  i%  into  the  t^o  open  maehing  clips  of. 
the  pack.  Close  the  two^^attfiching  clips,  making 
sure  th&' sliding  bars  engage,  the  holes  in  the 
bottom  of  the  clip. 


Attaching  Suspenders  to  ttie 
Field  Pack  and  Pistol  Belt 


Ammunition  Pouches 


Each  small  arms  aminv^iition  poach  has  plas- 
tic stij^eners  in  the  back  of  the  pouch  so  that 
clips  of  ammunition  can  be  easily  inserted  and 
renjoved.  Two  attaching  clips  and  supporting 
straps*  on  each  pouch  are  .used  to  attach  the 
pouch  to  tiie  pistol  belt  and  suspenders.  Both 
sides  of  ^e  ammunition  pouch  have  attachments 
for  carrying  hand  grenades.  The  poucfies^.afe 
de%igned  to  carxy  any  of  the  basic  load  of 
ammunition.  When  extra  ammunition  is  nec- 


Lay  J^e  suspenders  out  flat^  above  the 
(fig.,  5-6f  with  the  inside  facing  up  andthei^ 
suspender  straps  to  the  bpitom.  Attach  thcJ^^k 
suspender* straps  to  the  pack  by  engagin^me 
hooks  of  these  two  straps  into  the  eyelets  of  th^ 
two  webbed  tabs  of  tire  pack  with  the  open  part 
of  each  hook  facing  to  the  back  of  the  pack. 
To  attach  front  suspender  straps  to  the  p^istol 
belt,  first  fasten  buckles  of  belt,  ^oldthe  suspen- 
ders back  on  the  pack  so  they  lay  with  the  outside 
of  the  suspenders  up.  Engage  th6  left  front 
suspender  strap  hook  into  the  eyelet  on  tfrnt 


essary*,  bandoleer s.n!4y  be  loaded  in  the  pouches^  of  the  belt  nearest  the  female  taickle  ani 


by  folding  them  accordian  fashion  with  the  bando- 
leer 6trap  on  top.  This  method  jxirnil^ts  easy 
insertidn  and  removal  df  the  bandoleers! 


*  Canteen  Cover  ^ 


^  The  canteen  cover  accomodates  a  canteen 
and  canteen  cup.  The  cover  is  attached  to  the 
pistol  belt  mean&^of  two  attaching  clips  on 
the  .back  of  thereover.  '      ,  "n^ 


right  front  suspender  hook  into  the  top  eyelet  on 
front  of  the  belt,  nearest^  the  male  buckle.  The 
open  part  of  ther  hooJcs  are  to  the  front  of  the 
belt  and  the  loops' are  located  to  the  side  away 
from  the  belt  fasteners., Adjustment  of  the  front 
suspender  straps  is  accomplished  through  buckles 
on  the  front  suspender  Straps.  The  rear  suspender 
straps  are  adjusted  by  their  respective  buckles 
to  ensure  that  each  shoulder  gad  iQ  centered 
over  the  shoulders  .and  the  pistol  belt 'hangs 
evenly  front  and  rear*,  ^ 
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NOT  SAGGING 


84.396 


Figure  5-4.  — Adjusting  the  pistol  belt, 


•;  following jiems  "are  a^tache^'io^t^^  pistol 

Intrenching  fool  carrier  " 
Canteen  coyer 

Sm^  arms  ammunitibn  pouches 

First  ^dMt'   \  ^  / 

*  Bayonet  and  scabbard 

; \  wire  cutters  and  carrier 

Mo^f  ter  and  pistol*  ^  • 

,  li^achete  and  sheath  (when  no  intrenching 
tj^lis  carried)  '  ' 


If  '  either  the  field  glasses  or  map  6ase  is 
carri'ecJr*  they  may  be  slung  from  the  shoulder. 

There  are  other  items  of  landing  party  ecijuip- 
ment  :ivhich  are  too  detailed  to  cover  Jn  this 
manual.  For,  the  detailed  information  oh  this 
equipment- 'and  the  landing  party  in  general, 
refer  to^NWIP  50-4. 


SECURING  STRAPS  . 
{ENDS  TUCKED  IN  WHEN  NO^N  USE)    FEMALE  BELT 

FASTENER 


ATTACHING 
CLIP 


CENTER<)F  BELT 


MALE  BELT  FASTENER 
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•e  5- 5»  — Attaching  the  field  pack 
to  pistol  belt. 


HAN9  GRENADES  *  " 

^  A;  hand  grenade  a  sipall  bomb  with  the 
tiserv^s  ajcm  providing  the  motive  power  to  get  it 
to  tlie  target.  Hand  grenades  may  be  filled  with 
e^qplosives,  e^loeivee  and  chemicals,  or  (for 
practice  purposes)  may  be  empty  or  contain 
inert  filler.  Hand  grenades  come  in  many  sizes, 
shapes»^  and  types  and  are  designed  to  fulfill 
a.  wide  variety  of  purposes.'They  .can  be  used 
for  inflicting  material  and  personnel  casualties; 
for  screening,  signaling^  Isuid  .illuminating;  for 
/demolition  and  harassing;  and  for  incendiary 
action.  ^ 

TYPES  AND  CHARACTERISTldS* 

The  geneiral  types  Of  band  grenades  issued 
are:  (1)  trainings  (2)  practice,  (3)  fragmentation, 
(4):  offensive,  and  (5)  chemical.  Each  type  is 
3e?signed  to  do  a  special  job.  For  a  summary  of 
the  churaqte'ristics  and  capabilities  of  each  hand 
grenade  refer  to  Army  Field  Manual  FM  23-3p. 
.  ^  Certain  characteristics  common  to  all  band 
^•enades  are: 
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NOOK 


JO? 
EYELET 


FIELD  PACK 


NOOKS 


EYLETS5 


q^.  Figure  5-6.— Attaching  suspenders  to  the  pistol  belt  and  field  pack. 
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1.  The  range  of  a  hand  grenade  is  relatively 
short.  The  range  depends  on  the  ability  of  the 

^  individual  and  the  shape  of  the.  grenade.  A  well 
trained  sailor  should  be  able  to  throw  the  frag- 
mentation hand  grenade  an  aver^  of  about  44 
yards.  He  naay  'average  only  about  27  yards  with 
the  heavier  white,  phosphorous  smoke  grenade. 

2.  The  effective  casual^  radius  of  *a  hand 
grenade  is  relatively  small,  wheh  compared  to 
that  of  other  weapons.  Effective  casualty  radius 
is  defined  as  'ttie  rai^us  of  a  circular  area 
around  the  point  of  detonation  within  which  at 
least  50  percent  of  the  exposed  personnel  will 
become  casualties.  The  effective  casualty  radius 
varies  with  the  type  of  hand  grenade  used,  so  the 
casualties  can  and  do  occur  at  distances  greater 

.^.a,^^  this  radius.^  » 

3.  Delay  type  fuzes  are  used  In  all  standard 
hand  grenades.  Detonation  of  the  grenade  is 
not  on  injpact  but  after  the  delay  element  in  the 
fuze  has  burned.  The  fuze  assembly  (fig.  5-7) 
consists  of  a  fuze  body  safety  lever,  safety  pin, 
striker  spring,  a  primer,  a  delay  "element,  and 
detonator  or  Igniter.  For  further  information* 
about  the  operation  of  the  fuze  as^pibly,  refer  to 
FM  23-30.  AlTcasualty-produelng  grenades  (frag- 
mentation, offensive,  and  .  white  phosphorous) 
have  a  4-  to  5-second  delay.  Because  of  this 
short  delay,"  personnel  .must  stay  alert  when- 
arming:  and  throwing  hand  grenades.  ^ 

PROCEDURES  FOl&  THROWING 

For  greater  accuracy  and  range,  the  grenade 
shoidd'  be  thrown  like  a  baseball,  using  t^ 
throwing  motion  most  natural  to  the  Individual. 
It  is  important  to  grip  the  grenade^  propei^^y. 


PULL 
RIN' 


SAFETY 

PIN, 


SAFETY  LEVER 
StRIKERf 
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Figure  5-7.— Functioning,  of  the  fuze. 


Figure  5-8  shows  the  proper  position  of  the 
grenade  prior,  to  pulling  the  safety  pin..  First, 
cradle  the  grenade  In  the  fingers  of  the  throwing;^ 
hand.  Hold  the  safely  lever  down  firmly  utider 
the.  thumb  between  the, tip  and  first  finger  joint. 
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-        Figure  5-8.— Proper  way  to  grip  the 
.  hand  grenade. 

In  this  way,  the  grenade  fits  snugly  into  the 
curved  palm  of  your  hand,  giving  you  a  firm, 
comfortable  grip,  bqt  don^t  relax  your  tluiinb. 
pressure  on  tiie^safety  lever  untii  you  throw  the. 
grenade. 

The  first  steps  in  grenade  throwing  are  to 
develop  gopd  thro.wing  habits,  and  several 
throwing  positions.  Four  throwing  positions  are 
recommended:  (1)  standing,  (2)  kneeling,  (3) 
prone,  and  (4)  crouch.^ 

The  procedures  for  throwing  from  the  standing 
position  are  as  follows:  ^ 

-1.^  Stand  half-facing  the  target,  with^^our 
weight  balanced  equally  on  both  j^pet.  Hold  gre- 
nade chest  high,  using  the  correct  grip  (view  1 
jQg^,5-9).  -  '  t 

•  ^.  Pull  pin  with  a  twisting,  pulling  motion. 
^Coclc,  your  throwihg  arm  tO:  the  rear  (yiew  2). 

%^  Throw  the  grenade  with  a  free  and  natural 
^ot|^.  As  it  leaves  you  hand,  follow  thrcnigh 
by  stepping  forward  with  your  rear  fpot  (view  3^. 
Observe  the  point  for  probable  strike,  then  dude 
your'  head,  to  avoid  fragments  or  other  effects. 

4.-Recover,  then  resume  the  original  standing 
•posiUoii.  . 

Field  Manual  23-30  e;q)lains  the  proper  steps 
to  be' taken  when  using  any  of  the  other  positions. 


®  THROW 


84a9 

Figure  5-9.  —  To  throw  from  the.  standing  position. 


SAFETY 

* 

The  following  safety  precautions  must  be 
observed  when  handling  or  using  hand  grenades. 

1.  Do  not  take  any  grenade  apart  xmless 
ordered  to  do  so  by  competent  authority.  , 

'  2.  Do  not  tamper  with  grenades  and  do  not 
recover  or  tamper  with  live  grenades  that  fail 
to  e^^lode  (duds).  These  duds  are  recovered  and 
•destroyed  only  by  qualified  personnel. 

3.  Do  not  pull  the  safety  pin  until  you  ar^ 
ready  tt^ throw  the  grenade.  If  the  safety  pin 
will  "not  pull  out  easily  with  a  pulling-twistlng 
^motion,  strai^ten  its  ends.  In  the  majority 
'of  cases,  this  ^11  not  be  necessary.  Maintain 
a  firm  grip  on  Uie  safety  lever  when^  removing 
the  safety  pin. 

4t  After  yon  pull  the  safety  pin,  throw  the 
grenade^  Do  not  attempt  to.  replace  tl^e  pin 
to  return  it  to  a  safe  condition. 

5«  When  throwing  a  fragmentation  grenade^ 
^thout  protective  cover,  drop  immediately  to 
a  prone  position,  face  down,  with  your  helmet 
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tqward  the  .grenade,  Kj^ep  your  arms  and  legs 
flat  against  the  ground.  Other  men  mthe  area  who 
are  exi)Ob^d  ix*u&t  be  warned  to  drop  to  a  siHiilar 
position.  Steel  helix*et&  ir*u&t  be  wop  at  all  times 
when  using  grenades,  ^ 

6,  Although  little  dangei;  is  involved  in  using 
practice  haxld  grenades,  they  require  some  degree 
of  care  in  hancl^g  and  throwing.  You  can  throw 
the  practice  grenade  a  safe  distance^  but  for  the 
purpose  of  training  and  to  preclude  Injury  from 
an  improperly  loaded  grenade,  talte  cpver.  Wear 
the  steel  helmet*,  and  keep,  all  other  personnel 
at  A  safe  distance.  Practice  grenades  that  fail 
to  function  (duds)  are  not  recovered  for  at  least 
10  minutes,  and  then  only  by  trained  personnel, 

7,  Grenades  are  issued  in^the  "wit^uze  and 
without  fuze'*  condition.  They  are  notnlfessarily 
shipped  in  separate  containers.  The  detonator  of 
a  fuze  is  very  sensitive  to  heat,  shock,  or  friction, 
Arn.y  Field  Manual  FM  22k  30  explains  the  safetj 
precautions  and  steps  taken  when  fuzing  hand 
grenades. 


r 


DEMOLITION 


BefoSb  going  into  the  subject  of  demolition 
we  want  to  empha^ze  that  the  information  con^? 
tained  in  this  section  i&  NOT  intended  to  qualify^ 
a  n*an  as  an  e^^rt  in  den*olitiOn,  Never  attempt- 
to  tanipej^^-vwtji  deniohtion  materials,  ^leuve  this 
to  tht  emerts  that  have  been  specifically  trained.** 
in  demolition  work,  -     -  . 

The  information  contained  in  this  chapter  ; 
on  demolition  is  meant  only  to  familiarize  GMQ^g 
with  the  equipment,  materials^  and  safej^jgg^^ 
cautions  connected  with  demolition  v/dfk^tT^  { 
in  no  way  intended  to  train  GMGs  to  become  . 
demolition  experts.  Demolition  work  is  a  fikill 
that  is  acquired  only  through  intensive  training 
and  should  NOT  be  attempted  by  untrained  per- 
sonnel,  -  '  • 

A  subject  like  thiS;  is  not,  of  course,  tote 
covered  in  a  single  section  Of  one  chapter.  The 
use  of  e^qplosives  and  associated  blasting  ec^j>- 
nient  fox  construction  projects  or  large-scale 
dexnohtion  involves  highl>  developed  skills.  These 
skills  arc  developed  through  intensive  training 
and  a  great  deal  of  experience.  Repeating  what 
was  written  earlier,  the  following  information 
un  duruolition  is  onl>  to  fanJliaxizeJhe.GM  with 
the  explosives  and  equiprneiSf' u%ed,'  If  is  NOT 
intended,  as  a  buUTteaclflng  text  to  train  . GMs 
to  bepome  experih  in  den^olition. 


you  arev^ssigned  to  the  Seabees,  your  job 
a  GM  wlu  have  a  lot  to  do  witti  handling, 
spring,  and  maintaining  e;^losives  and  demolition 
j^aterials.  Demolition  equipment  is  also  issued 
1^  ships  for  use  in  eliminating  hazards  to  navi- 
-gltion.  The  Gunner's  Mates  aboard  are  r^spfbnsi- 
hle^  for  handling  this  material  in  so  far  as 
s^rage  and  maintenance  is  concerned. 

The  discussion  in  tjiis  section  will  give  you 
^^ome  idea  of  the  tools  used,  and  the  names  and 
uses  of  soine  of  the  more  important  explosives 
axKl  other^  materials  involved  in  this  work.  We 
.i-wul  not  try  to  cover  the  specific  practical^ 
^ai5)lication  of  demolition  e;q)losives.  For  a  much 
^bre  detailed  discussion,  which  includes  other 
demolition  equipment  and  techniques,  you  should 
Tread  OP  2212, /Vol,  1,  Demolition  Materials, 

;ai)iMOLiTioN  charges  "^"^ 

4  The^  demolition  e;q)losive  usually  issued  to 
s^ps  IS  most  often  TKT,  in  cast  or  pressed 
feW,  but  it  iriay  -te  Tetrytol,  The  e;q)losiVBS 
croie  in  half-pound  and  I-pound  blodcs  (fig, 
5-l6),  TNT  is  also  the  main  component  of  the  55- 
p^lihd  demolition  charge, 

,4,}  The'Jdalf-pou^jd  and  l-poundblocks  are. issued 
^  cardboard  boxes,  and  can  be  used  either  by 
mselves  or  as  boosters_.to  set  off  la^'ger 
ges.  Both  sizes  are  made  with  cap  wells  (or 
vator  wells)  into  which  you  can  insert  blasting 
IS  (which  w^^^kS^^re&ntly  e;q)lairi): 
Xbg^k.,2'  ofemolition  charges  (fig,  5-11)  now 
}S0iS  to  ships  have  rectangular  rust-resisting 
steel  cases'  a  little  over  9  inches  square  and  a 
y|tle_^^erii4r  inches  .high.  Mods  2  and  3  are 
nilajEi^  except  that  Mod*  2  has  handling  lugs, 
le  I-poand  TNT  block  that  is  used  as  a  hoo^r 
tcf  detonate  the^^^  charge  fits  into  a  cavity  in  the 
m^n  cast  charge;  th&  blasting  c&p  that  sets  off 
.Ji^  1-pound  block  is  screwed  into  the  block'-s 
activator  \vell.  Figure  5-11  shows  the  charge 

*  ^  set  up  for  Iflasting,  The  blasting  cap  is  not 
^^serted  imtil  just  before  the  charge  is  set  off, 

^BLASTING  CAPfe^  ^ 

4     '       i'  -'t 

Blastii^  c^s,  are  used  for  initiating  high 
.fi^qplosivesj,,  They"^  are  designed  to  be  inserted 
|n  cap  we&s  of  denjfblition  charges,  and  are  al30 
.^the  'detpnating.  .el^tnent  in  certain  land  mine 

*  iiring  devices,*  Special  military  blasting  caps  are 
^  designed  to  detonate  pie  less  sensitive  e;q)losives 

like  TNTf  military  dynamite,  and  tetrytol,  Blast- 
,  ing  caps  are  ex^m'ely  sensitive  andmay  b^lode 
unless  handled  carefully.  They  must  be  protected 
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Figure  5-10.— TNT  blocks— A.  1/2-pound  block.  B.  1-pound  block. 
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from  shock  and  e;^renie  heat  and  not  tanipered 
with.  Blasting  caps  nmbi  never  be  stored  with 
other  ejqplosives^Two  types,  electric  and  npn- 
. electric,  are  useain  military  operations. 


/ 


Nonelectric  Blasting  Cap 


/ 


The  Cap,  Blasting  Special,  Nonelectric  tfig. 
-^12)  is  capable  of  detonating  all  standard  types 
of  demolition  material  that  have  been  properly 
primed  with  the  blasting  cap  for  nonelectric  firing. 

The  nonelectric  blasting  cap^  is  contained  in 
a  clear-lacquered  copper  or  aluihinutn  tube. 
Three  small  explosive  charges;  the  ignition 
charge*  priming  charge,  ^d  base  charge  are 
assembled  in  layers  in  ^hSvpartially  filled  tube. 
A  portion  of  the  tute  remains  empty  sb  the 


blasting  cap  can  be  fitted  over  and  crimped  to  a 
time  blasting  fuse  or  the  snout  of  a  coupling  base. 

A  flame  from  either  a  time  blasting  fuse, 
detonating  cord,  or  special  firing  device  will 
ignite  the  ignition  (flash)  charge.  This  ignites 
the  priming  charge  which,  in  turn,  detonates  the 
base  chstrge. 

This  blasting  cap,  along  with  time  blasting^ 
fuse,  is  used  for  firing  demolition  charges  non- 
electrically.  This  method,  while  not  tha  pre- 
ferred one  (electrical  firing  is  safejrjhrrc  used 
under  many  conditions  bpcause^^  'the  light 
weight  of  the  material  and  sp^d  of  placement 
and  use. 

MOTE:  Fuse.  A  fuse  As  a  slow-burning 
powder-filled  cord  thjtt  carries  flame  to  an 
e;qplosive  or  combu^Uble  mass  after  burning 
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Figure  5-11.  — DeniOlition  charge  Mk  2  Mod  2 
(prepared  for  electrical  firing). 


for  a  predetermined  time.  Tuze  (Not  to  be 
confused  with  Fuse).  The  term  fupe  is  a  gen- 
eral one  applying  to  any  device  that  .causes 
-  detonation,  expulsion,'  or  ignition  upon  the 
.  fulfillment  of  certain  conditions,  such  as 
completion  of  a  time  delay,  certain  distur- 
bances, impact,,  or  inertia.  The  term  is  usually 
used  in  connection  with  bombs,  pyrotechnics, 
or  rocket  heads..  In  demolition  work,  the 
term  fuze  is  sometimes  used  interchangeable 
with  the^term  firing  device. 

For  all  the  details  on  the  use  of  nonelectric 
blasting  caps  and  their  metrods  of  i^tion,  it 
is  recommended  that  you  read  FM  5-25,  Ex- 
plosives and  Demolitions  and  OP  2212,  Vol.  1, 
Demolition  Materials.  Figure  5-13  illustrates  the 
method  used  in  setting  up  a  cap  and  fuse  for 
nonelectric  firing  of  a  demolition  charge. 

The  burning  rate  of  time  fuse  will  vary  hy 
the  way  it  is  handled  and  the  conditions  under 
which  it  is  burned.  So  testing  of  th^^ming  rate 
is  essential  before  setting  up  a  charge  for  demo- 
lition with  a  nonelectric  blasting  cap.  The  burning 
rate  of  fuses'  issued  by  the  NAVORDSYSCOM 
varies  between  30  and  45  seconds  per  foot. 

Refer  to  figure  5-13  while  we  briefly  go 
through  the  prjocedure  of  setting  up  a  charge. 

.  STEP  1.  cut  off  and  discard  a  6  to  12  inch 
portion  'of  the  exposed  end  of  the  blastjpg^time 
fuse.  A  test  must  be  mad§\)f  the  burning  rate 


BASE  CHARGE 


IGNITION  CHARGE  (FLASH) 


METAL        •    EMPTY  END 


PRIMING  CHARGE 


CAPSULE 
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Figure  5-12.— Cap,  blading,  special,  nonelectric. 
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Figure  '5-13,  — Usin^  cap  and  fuze  for  nonelectric  firing  of  demolition  charge  (TNJ  block). 
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by  burning  a  6-foot  sample  length  of  time  fuse. 
The  6-fobt  samgle  length  should  be' tested  from 
the  same  coil  that  wiU  be  utilized  for  the  shot. 
The  sample  length  should  be  initiated  by  an 
M60  Time  Blasting  Fuze  igniter  if  availa&e. 

STEP  2.  Cut  off  the  desired  lehgth!of  time 
fuse  and  push  it  through  the  hole  in  the  un- 
threaded end  of  the  priming  adapter. 

STEP  3.  Remove  -  one  nonelectric  blasting 
cap  from  its  box.  Check  inside  the  cap  to  ensure 
it  is  clear  of '  obstructions.  Check  the , end  of 
the  time  fuse  to  ensure  a  square  cut.  Insert 
the  time  fuse  into  the  cap  (DO  NOT,  TWIST  OR 
TAP),  Crimp  the  cap  onto  the  time  fuse  1/8 
inch  from  tte  open  end  of  cap.  Use  only  the 


crimpmg  tool  to  primp  caps.  (DO  NOT  (TRIMP 
NEARFACE)^.      '  \ 

STEP  4.  Insert  the  cap  into  the  activator  v^ll 
'of  the  demolition  charge.  Screw  the  adapter 
into  the  charge  to  hold  the  blasting  cap  in  place. 
If  screw  adapters  are  not  available,  some  mean% 
should  be  taken  to  prevent  the  cap  from  coming 
loose  from  the  charge,  such  as  wrapping  a 
string  tightly  around  the  block  a  few  times  and 
tieing  it  securely  over  the  well  as  shown  in 
fig.  5-14, 

STEP  5.  The  blasting  time  fuse  may 
lighted  two  ways.  The  first,'  which  should  always* 
be  used  if  available,  is  the  M60  Time  Bfa&tmg 
Fuze  Igniter  since  it  is  the  safest  and  suiest 
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53.163{&3B) 
Figure  5-14.— Half-pound  block  of  TNT 
primed  nonelectrically. 

method.  If  the  M60  fuze  igniter  is  used,  it 
should  be  installed  on  the  time  fuse,  prior  to 
^e  mstallation  of  the  blasting  cap.  The  second 
to  ay  is  by  a  wooden  match.  Slit  the  time  fuse 
longitudinally  and  insert  a  match  in  the  slit  so 
that  the  head  of, the  match ^otrudes  slighQy 
from  tlie  side  of  tiie  time  fuse.  Hold  the  match 
and  match  box  as  shown  in  illustration  No.  5 
of  figure  5-13  and  draw  the  abrasive  side  of 
the  match  box  against  the  match  head.  Do  not 
attempt  to  light  the  match  unless  you  are  pre- 
pared to  do  it  successfully  lihe  first. time.  After 
you  have  struck  the  match,  leaVe  the  area  and 
take  cover— even  though  the  attempt  appears 
to  be  unsuccessful.  Walk  calmly  but  smartly 
to  a  safe  area— NEVER  RLN.If  a  long  distance 
is  necessary  to  reach  the  safe  area,  then  addi- 
tional length .  should  be  allowed  on  the  blasting 
time  fuse. 

,  STE^  6.  If  a  misfire  is  encountered,  wait 
30  minutes  plus  time  for  the  blasting  time  fuse 
to  bum. 

Electric  Blasting  Cf^ps 

Figure  shows  Cap,  Blasting,  Special, 

Electric  type»  Nos.  1-10  Delay.  The  cap  comes 
in  10  delay  types,  with  each  delay  type. differing 
in  length  as  well  as  delay  time.  The  delay  time 
.and  consequently^, the  length  of  a  particular  cap 
is  dependent  on  the  amount  of  delay  charge 
contained  in  the  dejay/element. 

The  figure  shows  that  the  construction  of  an 
electric  blasting cap  is  simplicity  in  itself. 


An  electric  current  lieats  a  wire  bridge  .setting 
ofi  the  heat-sensitive  priming  charge  which, 
in  turn,  sets  off  the  PETN  ^base  charge.  This 
detonates  the  TNT  block  into  which  the  cap  has 
been  inserted;  if  tiie  block  is  the  booster  to  a 
larger  main  charge,  the  train  of/ explosions 
com^s  to  an  end  with  the  detonation  of  the  main 
charge. 

Another  type  of  electric  blasting  cap  is  shown 
in  figure.  5-16.  This  is  the  Cap,  Bla:sting,  Elec- 
tric, M6  and  is  used,  as  are  the  previously 
mentioned  caps,  *to  initiate  high  e;5)Tosives.  The 
cap  consists  of  an  aluminum  alloy  cup  containing 
a  base  charge  of  RDX,  intermediate  charge  of 
lead  azide,  and  an  ignition  charge  of  lead  s^hnate 
and  barium-  cliromate.  The  lead  wires  are  12 
feet  long  and  extend  through  a  rubber  assembly 
into  the  ignition  charge  wh^re  they  are  connected 
to  a  wire  bridge.  The  electrical  characteristics 
of  the  M6  are  so  plosely  controlled  that  caps 
of  ,this  model,  of  different  manufacturers,  may 
be  *  mixed  in  a  firing  circuit  without  causing 
misfires.  A  short-circuiting  tab  or  shunt,  as  in 
other  electric  blasting  caps,  fastens  the  leads 
together  to  prevent  accidental  electric  firing  Of 
the  cap.  Do  NOT  remove  these  until  just  befpre 
the  cap  is  wired  into  the,  firing  circuit. 

The  electric  blasting  cap  fits  into  the  acti- 
vator well  of  the  demolition  charge.  But  it 
doesn't  fit  ti^tly  and  can  easily  slip  out.  To 
hold  the  cap  in^the  charge,  use  a  primer  adapter, 
a  small  plastic  cylinder  that  sdfews  into  'the 
threaded  end  of  the  TNT '  block  and  holds  the 
cap  in  place,  figure  5-17A  shows  the  adapter 
assembled  in  the  block,  with  part  of  the  adapter 
cut  away  to  show  how  it  holds  the  cap  in  place. 
Figure  5-17B  illustrates  the  two  steps  in  assem- 
bling the  adapter  and  cap  before  they  go  into  tiie 
charge.  These  steps  are  described  in  the  next^ 
section  of  this  cliapter. 

The  other  equipment  used  for  electrical  firing 
of  demolition  charges  include  a  blasting  machine 
for  supplying  current  to  the  blasting  cap  (fig. 
5-18),  wire  or  cable  of  required  length  (thie 
cable  may  be  on  a  special  reel  like  the  one  shown 
in  figure  5-19)  for  connecting  the  machine  to  the 
charge,  insulating  tape  for  protecting  the  splices 
which  connect  the  cable  to  the  caps,  and  a  blast- 
ing galvanonaeter  for  testing  the  circuit  before 
you  fire  the  diarge. 

BASIC  PROCEDURES  FOR  SETTING 

UP  AN  ELECTRICAL  CIRCUIT  AND  BLASTING  . 

As  a  second  class  Gunner's  Mate,  you  must 
be  able  to  demonstrate  your  ability  to  wof  k  with 
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PRIMING  CHARGE 


WATERPROOFING 
PLUG  COMPOUND 


SULFUR  SEAL 


BASE  CHARGE    TIME  FUSE        BRIDGE  WIRE    LEAD  WIRE 


Figure  5-15*— C^ip,  ^lasting,  special,  electric  type,  Nos.  1-10  xtelay.^ 
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PLUG  ASSEMBLY 
(RUBBER) 
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Figure  5-16,— Cap,  blasting,  electric  M6, 
»       ■  ^  *, 
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CUT  AWAY 
SECTION  OF 
ADAPTER 


CHARGE       LEG  WIR^S 

1 


WIRE  SLpT 


^  electric: 
blasting  cap 


LEG  WIRES* 


(2) 


B 


53.158 

Figure  5-17,— The  priming  adapter  -  A.  Priming 

adapter  and  el^ectnc  blastmg  cap  assembled 

into  charge.  B.  How  to  assemble  the  priming 

adapter  and  cap  before  assenibly  into  charge. 

• 

the  demolition  equipment  on  your  own  ^hlp.  In 
general,  this  will  most  likely  mean  that  you 
will  havp  to  show  that  you  can  work  with  the 
equipment  we  have  discussed  so  far.^in  this 
section.  Of  coUrse,  nothing  you  read  here^  or 
elsewhere  will  make  you  a  genuine,  expert  with, 
demolition.  You  need  Teal  training  and  experience 
with  the  gear  for  that.  But,  so  that*  you  can  see 
how  ,all  the  equipment  we  have  described  is  used 
together,  leV&  take  up,  ^  step  by  step,  the  pro- , 
cedure  for  preparing  and  setting  off  a  demoli- 
tion set-up^  using  demolition  charges  Mk  2  Mods 
.2  or  3  and  electric  blasting  caps. 

1.  Determine  where  the  charges  are  to  be 
placed.  This,  of  cour^,  depends  on  what  is 
being  demolished  and  the  purpose  of  demolition. 


ELECTRIC  * 
BLASTING  CAP 


^3,206 

Figure  5-18,— A.  Leapfrog  series  circuit. 
B,  Common  series  circuit. 

scuttling  your  own  ship  (this  sad  possibility  is 
fortunately  not  frequent,  but  itml^htbe  necessary 
in  the  event  of  imminent  capture  by  the  enemy), 
you  must,  in  addition,  make  it  as  difficult  as 
possible  for  anybody  ever  Jto  use  the  ship  again. 
Or  you  may  be  wiring  up  small  charges  to  be 
used  in  destroying  secretj  gr  confidential  equip- 
ment against  the  possibility  of  capture.  You'll 
be  guided  by  orders  froni.  competent  authority, 
but  you  must  know  someming  about  demolition 
techniqu.es,  ^        .  ' 

2.  Usually  you  will  set  off  several  charges 
at  once.  Xo.do  this,  you  plade  the  charges  and 
make, up  a  circuit  which  includes  the  blasting 
machine  and  all.  the  charges  in  series,  ^irst 
you  wire  in  all  the  cdps,  then  connect  them  to 
the  cable,  and  then  test  the  circiiit.  Here  are 
these  steps  in  more  detail: 

/a.  Make  sure  your  caps  are  all  of  the 
sanie  manufacturer.  Except  for  the  M6  which  was 
described  earlier,  caps  of  different  make  should 
NEVER  be  used  together  in  one  circuit.  Be  sure 
not  to  use  ni^re  caps  than  your  blasting  machine 
is  deisnged  %  handle;  it's  better  to  use  lewer. 
'When  you  t|ke  caps  out  of  their  box,  don't  try, 
to  pry  them^'oose  with  a  sharp  instrument;  use" 
your  fingerfi  and'  slide  them  out  carefidly. 
Examine  th^aps  before  wiring  them  up;  reject 


If  you^re  sinking  a  floating  hulk  thafs  a  menace     any  that  sh|^  signs  of  moisture  or  c<3rrosion. 


to  navigation,  place  the  charges  so .  that  the 
hulk  will  go  down.promptly  in  water  deep  enough 
so  that  it  v^ill  be  out  of  the  way.  Make  sure  that 
all  WI  (water  Ught)  doors  are  open.  If  you're 


1).  Gr^  .the  wire  .aboye  the  cap  and 
straighten  tl^'  coil  from  {he  wii^e  leads,  being 
careful  not  put  tension  between  cap  and  wire 
leads.  Placejcaps  behind  a  suitable  Uaririet  or*ln 
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Figure  5-19.  — A.  Blasting  galvanometer. 
B.  Testing  the  firing  circuity 

a  bea[7y  ^^ge  bucket.  Test  each  cap  individually 
as  fac  awayzTOflTThoM^y^cet" or  barrier  asth6 
leadswill  ^allow  with  th^  galvanometer.  After 
test  of  cap,  shunt  the  'c^ip  by  twisting  the  twg 
Wire  legs  together.  Do  this  until  you  have  tested 
the  number  of  blasting  caps  you  will  use. 

c.  You  make  electrical  tests  for  demolition 
^t-ups  with  only  one  instrument— the  blasting 
galvanometer.,. (See ^figure  5-19A.r"you  must 
NEVER  use  any  other  instjounent.  The  blasting 
galvanometer  is  in  a  box,  usually  protected  by 
a  leather  case,  with  a  dial  face  on  which  you  can 
see  the  galvanometer  needle.  It  contains  its  own 
small  battery  as  .a  source  of  current.  At  the 
base  of  the  box  are  two  terminals  — flat  motal 
discs.  You  test  by  touching  the  wires  you  are 
testing  to  the  terminals.  If  current  flows  (and 
jthe  currents  indicated  1^  the  galvanometer  aire 


vety  tiny  ones  -  that  will'  npt  set  off  a  blasting 
cap),  the  needle  deflects.  *  ^ 

d.  First  you  test  both  cable  conductor^ 
BEFORE  they  are  connected' to  anything.  (Make 
sure  their  ends  are  not  twisted  together.)  You 
should  get  NO  steady  indication  on  tlie  galvano- 
jneter,  (But  it's  O.K.  for  the  needle  to  flick, 
then  return  to-  zero.)  If  you  DO  get  a  steady 
galvanometer  needle  deflection,  there  is  a  cur- 
rent leak  or  short  circuit  in  the  cable  (caused 
by  defective  insulation  or  conductors  touching 
each  other)!  If  the  trouble  dannot  be  rectified, 
use  Other  cable  that  will  test  O.K.  ,  , 

e.  Next,  you  wire  the  cable  to  the  caps 
(but  do  NOT  connect  the  blasting  machine).  Test 
t6e  complete  circuit  by  touching  the  cable  ter- 
minals at  the  "reel  end"  (where  the  blasting 
machine  will  be  coxuiected)  to  the  galvanomet^fTx 
(See  fig.  5-19B).'  This  time-  you  should  get  a  X 
definite  steady  needle  deflection.  If  you  dpnH, 

go  ,over  your  circuit  and  repair  it  where  it^s 
broken.  Test  each  splice  and  cap  individually, 
if  necessary.  Or  you  may  use  the  procedure 
described  in  the  next  section  of  this  cheater 
for  locating  breaks  in  the  circuit. 

'  f.  After  testing  the  circuit,  the  next  step 
is  to  set  each  blasting  cap  in  its  charge.  Open 
the  top  of  the  charge  shipping  box.  (The  charge 
need  not  be  removed  from  the  shipping  box  to  be 
used,  however. )  Break  the  paper  seal  protecting 
the  activator  well  in  the  booster  but  don't  use 
the  .blasting  cap  as  a  tool.  Matce  sure  there  is 
'  no  dirt,  in  the  well.  Then  slip  the  leg  wires  of 
the  cap  through  the  priming  adapter^s  wire  slot 
with  the  .threaded  end  of  the  adapter  pointing 
toward  the  cap  (fig.  5-l7).' 

If  the  leg  wires  don't  slide  readily  through 
the  slot,  don't  try  to  force  them  by  pulling  on 
the  cap.  Grasj^thp  wires  about  6  inches  from  the 
blasting  cap  and  slide  tlie  adapter  slot  ^long  the 
wires  away  from  the  cap.  Tilt  the  adkpter  as 
you  do  this,  to  make  the  entry  of  the  wires 
easier.  .         , . 

Now  insert  the  cap  gently  all  ihQ  way  into  the 
activator  well;  hold  the  adapter  away  from  cap 
until  it's  all  the  way  in.  Then  work  the  adapter  . 
down  the  wires  until  it  reaches  the  well,  and 
screw  it  in  gently  .but  firmly  as  far  as  it  will 
go.  Last,  tie  the  wires  so  that  the  cable  doesn't 
strain  them  at  the  cap.  The  Mk  2  Mods  2  and 
3  charges  have  cable  anchors  under  the  bolts 
in  the  booster  covers  tj^gt  can  be  used  £d  secure* 
the  cable.  . 
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If  you  haven't  tebted  the  uii^-uit,  do  it  now. 
If  time  permits^  it  ma^  be  a  goud  idea  to  do  it 
again  even  if' you  tebted  it  before  a&benibling  the 
caps  into  their  charge  s,^^^^ 

3,  The  last  step  is  to  connect  the  blasting 
machine.  Make  sure  everything  else  is  in  readi- 
ness, .and  that  ail  personnel  have  cleared  the 
danger  area.  Connect  the  cable  to  the  blasting 
machine.  Most  blasting  niachines  have  leniov- 
able  handles,  don't  put  the  handle  on  until  after 
the  machine  is  connected^  and  just  before  >ou 
blast.  To  operate  the  niachine,  twist  the  handle 
smartly  through  its  full  range. 

4.  If  the  blast  does  not  occur,  remove  the 
handle  of  the  machine  (and  put  it  into  your 
pocket  to  malce  sure  nobody  operates  the  machine 
inadyeflently)  and  DISCONNECT  the  machine. 
Then,  after  oO  minutes  and  only  then,  is  it  safe 
to  investigate^  the  trouble  further. 

PROCEDURE  FOR  LOCATING 
BREAKS  IN  THE  FIRING  CIRCUIT 

Here  is  a  way  (illustrated  in^fig.  5-20)  in 
which  a  break  in  the  firing  circuit  may  be 
located  if  the  circuit  test  from  the  reel  end 
indicates  an  o^n  circuit,  or  if  you  have  a 
misfire. 

1.  First  disconnect  the  blasting  machine-. 
Make  sure  the  two  wires  at  the  reel  end  of  the 
firing  cable,  are  separated  and  not  touching  an> 
conductor. 

2.  connect  the  two  bpliced  vvires  at  the  far 
end  of  the  firing  cable  (C  and  D  in  fig.  5-20) 


CAPOUTOF  CHARGES 


Figure  5-20'.  -  Locating  breaks  in  the 
firing  circuit. 
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With  the  blasting  galvanometer.  (Don*t  break  the 
splices;  just  touch  them  to  the  galvanometer's 
teriiiinals.)  If  the  instrument  now  shows  a  coin- 
plete  circuit,,  these  connections  (C  and  D)  or  the 
cable  are  faulty, 

3,  If  the  galvajiometer  still  shows  an  open, 
circuit,  connect  splice  D  to  one  terminal'  (L) 
of  galvanonieter^  ,u&ing  a  wire  (N)  long  enough  to 
reach  all  connections  in  the  circuit.  Move  around 
the  circuit  with  the  galvanometer,  touching  the 
other  terminal  (0)  to  all  splices  in  succession. 
At  the  first  point  where  the  instrument  shows  an 
open  circuit,  you  know  th&t  there  is  a  break 
between  that  point  and  the  previous  one. 

If  the  break  is  accessible,  splice  the  broken 
wire.  If  youvcan^t  handle  it  as  a  misfire;  use 
additional  priming,  or  set  up  another  charge 
close  by.  After  this  repair,  continue  the  test  to 
locate  additional  breaks.  When  all  are  repaired, 
test  the  circuit  again  from  the  reel  end. 

SAFETY 


Here  is  a  brief  summ&xy  of  .precautions  to 
ensure  both  reliability  and  safety,  which  you 
should  bear  in  mind  when  blasting  with  electric 
caps:  '  ' 

l?^fee  only  Army  Engineer  Special  blasflng 
caps  of,  the  types  described  previously  for  mili- 
tary demolitions.  Other  caps  are  weaker  and  may 
cause  misfires, 

2.  Use  only  one  brand  of  cap  in  any  one 
circuit.  '  • 

3.  Before  using  a  blasting  cap,  inspect  it  for 
moisture.  If  you  see  any  sign  of  dampness,use 
another  cap.  Never  use  a  sharp  instrument  tbpry 
a  cap*  out  of  its  box,  and  never  take  a  cap  out  of 
its  box  unless  you  intend  to  use  it.  - 

4.  All  the  firing  in  an  electric  blasting  cir- 
cuit must  be  the  responsibility  of  one  person  only, 
;and  that  man  must  kn^w  liiw^ob.  He  should  keep 
the  blasting  machine,  or  its  operating  handle,  on 
his  person  while  the  circuit  is' being  wired  to 
avoi^  accidental  firing. 

5.  Before  firing'or  testing,  be  sure  the  safety 
shunts  are  removed  from  ,all  cap^  but  don*t 
remove  the  sivants  until  you  are  actugdlywiringthe 
caps  into  the  circuit.  I|  §hunts  are  missing,  keep 
the  cap  wires  twisted  together.  *  * 

6.  Never  fail  to  use  the  blasting  galvanometer 
to  test  your  complete  circuit  before  the  .blasting 
machine  is  connected.  DonH  ^depend  on  visual 
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,  inspection  only.  Use  other  device  to  test  the 
circuit.  Di7-cell  po\^ed  ohmmeters,  for  in- 
stance! may  set  off  the  |)lasting  caps. 

7.  Never  yank  the^leg  wires  of  an  electric 
-cap,  or  subject  them  tp  any  steady  pull.  This  is 

important  to  remenib^  when  you're  installing 
the  primings-adapter,  ^cure  the  leg  wires aiyi^ 
firing  cable  with.stron^twine  o^  other  fastenings" 
80  that  pulls  on  the  ca^Je  will  not  be  transmitted 
through,  the  splice  or  toithe  ^p. 

8.  Don't  connect  tge  cable  to  the  blasting 
machine  until  you're  r^ady  to  fire  and  the  danger 


9.  Ayoid  setting  up  an  electric  blasting  cir- 
.cuit  when  there  is  a  thunderstorm  brewing.  In 
general,  protect  electric  blasting'caps,  whether 
in  circuli  or  not,*  from  any  stray  electric  cur- 
j  rents. 

10.  When  you  use  the  blasting  machine,  twisty 
the  |iandle  sharply  to  be  sure  yqu  get  enough 
output  to  fire..  If  the  machine  has  a  thong,  wr^p 
it  about  your  wrist  to  prevent  the  machine  from 
slipping  when  ^ou  twist,  immediately  after  the 
blast,  disconnect  Uie  machine  and  twist  the  cable 
conductors  togeUTeiv.  If  your^  circuit  misfires, 
area  is  clear.  Lnles^Iyou  are  actually  tesUng     try  once  more.' If  itViiisfires  again,  disconnect 


the  circuit  or  you  are^!  actually  making  ready  to 
blast,  it's  a  good  ideaj  to  keep  the  free  ends  of 
the  cable  twisted  together. 


the  blasting  machine^  put  the  handle  in  your 
pocket,  and  twist  the  cable  conductors  together 
before  you  try  to  investigate  the  cause.of  misfire. 


>  . 
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CHAPTER  6 

'      '     ■       '  "  '       *  ' 

BASIC  MECHANFSAAS 


The  purpose  of  thifi  chapter  is  to  ejqplain  the  ^ 
fundamentals  of  basic  machines  so  that  you  will 
'  have  the  backgrgund  to  better  understand  the  ord- 
nance equipment  that  you  are  now  working  with 
In  the  fleet.  As  new  and  more  complex  ordnande 
is  introduced  into  the  heet,  it  is  essential  that 
tdday*s  Gunner* s  . Mate  have  the  kno\\<iedge  of  the 
technical  fundamentals-  of  the  rate.-  The  control 
mechanisms  of  the  old  as  well  as  the  new  gun 
systems  involve  a  combination,  of  mechanical, 
hydraulic,  electrical,  and  electronics  devices  with 
a  hl^^degree  of  complexity.  X  study  of  this 
chapter  and  the  chapter  that  follows  on  elec- 
•  trieity  and  electronics  ^ill  supply  you  with  most 
,  0f  Tthe  information  you  will  need  to  vhelp  operate 
^  and  maintain  the  ordnance  equipment  of  the  future 
as  well  asllie  present.  ^ 

We  will  start  this  chapter  by  asking  you 
three  questions, -ahd  then^provide  the  answers: 


1.  What  Is  a  machine? 

2.  What  is  a  mechanism? 

3.  How  will 


just  such  devides>  Experience  has  probably-al — 
ready  shown  you  that  gun  power  drives,  rammers, 
etc.,  fere  sometimes  complex  in  Resign  and  opera- 
tion. ^  first  glance,  the  publications  issued 
to  guld^  you  in  the  maintenance  and  repair  of 
sudh  machines  may  appear  baffling.  TJii^  is  true 
not  only  of  electrical  and  electronic  components, 
but  mech^cal,  ones  as  well.  Isook  at  figure 
6-1  for  an  ^exanaple.'This  is  a  mechanical  sche- 
matic'of  a  3-lnch  loader.  It  shows ^all*  the  parts 
(and  their  actions)  which  cause  rounds  of  ammuni- 
tion to  be.  automatically  drawn  through  the  hopper 
and  delivered  Intb  the  gun  chamber 'at  a  rate  of 
50  rounds  a  minute.  In  this  text  ^ye  are  not 
going  to  explain  the  operationof  the  §-lnch  loader. 
The  llWstration  was  choserl*  because  it  demon- 
strates the  need  for  the  information  in  this  chapter. 

Mow  for  the  definition  of  a  mechanism.  It. 
was  pointed  out  that  a  machine,  no  matter  how 
complicated,  is  made  up  of  snialler,  .simpler 
^arts— mechanisms.  See  Fig.*6-l.'Sincejj^our  job 
requires  you  ta  maintain  and  repair  ^n^hines, 
"knowing"  the  answers  help  you? you  - must  know  h(5W  these  machines  work,  and 

understand  the  theory  behind  their  operation.  It 
would  be  hard  to  undeiiistand  the  operation  of  a 
complex  machine  without  first  understanding  the 
purposes  and  functions  of  its  part$. 


^  For  the  answers  to  the  ifrst  two  questions; 
let^  turn  to  the  dictionary.  According  to  Webster, 
a  machine  is  •''Any  device  consisting  of  two 
'  or  more  resistant,  relatively  constrained  parts, 
which  may  serVe  to  transmit  and  modify  force 
and  motion-  so  as  to  do  *some  desired -kind  df 
work,  popularly,  3  complex  combination  of  such 
.  parts  "together  with  their  framework,  fastenings, 
etc''  For  the  present^  let  us^condense  this 
mouthful  by  saying  *^  machine  Is  a  device  Which 
will  ao  a  job  for  you,  or  at '  least  make  the 
job  easier,'' 

As  'for  the  mechanism^,  the.  diotionar^-sajtfl. 

hlne 


that  mechanisms  are:  **^he  parts  of  a  machine 

Now  let's  see  how  this  Informjation  will  help 
you.  '  '  ♦  • 

If  you  accept  th,? 'definition  of  i  machine, 
then  a.guh  power  drtve^  ^  hoist,  and' dn  automatic  ^ 
loader  are  machine's.  And,  as  a  Gunnei^.Mate,, 
a  large  part  of  your  work-will  be  conc^^^  withf 
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TYP^  OF  BASIC  MECHANISMS  • 

A  *  modern  guft  of  intermediate  or  larger 
caliber  contains  thousands  of  parts.  Of  these,, 
a  good  percentage  can  be  correctly  labeled 
a^least  make  tii^^^  mechanisms.  Fortunately  for  you^  the  Gunner's 
M'ate,  they  can  be  grouped  Into  a  relatively  small 
niunl»»'  of  basic  types.  In  tills  chapter  we  will 
study  the  following  nine  "typSs  of  basrc  mech- 
anisms,'and  Ihow  how  they  ar^  used  in  ordnance: 


Wheels  anj3  bearings 
Gears       v    .     ;  " 
Cams-     '  :^  '  * 
Levers  ahd [linkages* 
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dhains  and  sprockets 
Clutches 
Springs 
Buffers 
'  Couplings 

^WHEELS  AND  BEARINGS 

Wheel's 

The  wheels  we  are  talking  about  here 


either  the  whe^l  or  axle  turns,  it  turns  the  - 
When  the  wheel  and  axle  turn  as  one,  we 
a  simple  machine.  One  common  purpose  of  such  a 
machine  is  ,  to  multiply  the  force  exerted  on  it, 
A  door  knob,  and  the  handle  of  an  ice  cream 
freezer,  are  only  two  examples  of  the  varied 
uses  of  this  device.  One  of  the' most  common 
ordnance  uses  of  the  wheel  and  axle  is  shown 
in  figure  6-2.  Hei:e.you  see  a  handwheel  which 
could  have  come  from  nearly  any  gun  that  depends 
upon  a  pointer  or  trainer  to  move  the  mount 
around  manually. 

How  4oes  a  set  of  handwheels  help  you  move  a 
^n?  The  .  question  would  answer  itself  if  you 
ever  renioved  the  handwheels  and  tried  to  move 
the  gun  by  ^rotating  the  ismall  shaft  (axle)  with  your ' 
fingers.  There  is  a  formula  for  determining  the 
mechanical  advantage  that  can  be  obtained*  from 
a*  wheel  and  axl^  arrangement.  It  is  not  necessary 
that  you  remember  this  formula;  it  is  ihcluded 
only  to  emphasize  our  point. 

Let  us  suppose  that  you  apply  10  pounds  of 
force  on  the  Kandwheel.  Assume  that  the  handle 
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Figure  6-2.  — A  \vhfeel  and  axle.used  to  multiply 
-  effort 


is  5  inches  from  the  center  of  the  axle,  and  that 
the  radius  of  the  axle  is  one-half  inch.  We  can 
•figure  the  output  fronx  the  formula. 

where  <  •  •      .  '      ,  * 

L  =  radius  of  the  circle  in  which  the  handle 
turns 

— .  <  =  radius-of  the  axle    -  — .  ^ 

R  =  output  ,       ^  -  , 

E  f  force  applied  to  handle  -  *  -  ^ 

5^R  " 
l75"lO 


R  =  5'x  10  x  2  ; 

R  =  3.00  pounds 

This  ^m*^an%,  ^tHat  "  a  10-pound  force  at  the 
h'andWheel  will  ajjpiy  a  100  -pound  force  at  the  shaft. 

Bearings     '  ^ 

We  must  start  our  discussion  of  bearings  wjUth 
a  brief  wo;?d  on  friction.   FRICTION  is  the 
resistance  to  relative  motion  between  two  bodies 
in  contact.  Sometimes  this  resistance  is  useful. 
For  example,  it  is  hard  to  walk  on^ice  because 
there  is  very  little  friction  betweep  your  shpes 
,  and  the  ice.  In  ordnance, "however,  friction  is 
mostly  unwanted^,  it  takes  effort  tojrotate  trdinfi 
of  gears,  move  levers  and  shafts,  ;etc.  Fricjfion  - 
in  theee  mechanisnas  adds  to. the  effort  requifed.V  ^ 
Lubrication  is  one  ^answer.  It  coats  the  surfaces  ' 
of  moving  parts,  in  contact  with^one  another— 
separates  them  T3y  a  fluid  film.  In  so^e  c«ses, 
though,  this  is  not  enough.  Sometimea^  the  speed  r 
of  the  moving  parts,  or  the  load 'on  them.  Is  bo  ^ 
great  thai  the  oil  'film  will  be  thrown  out  or 
ruptured.  Here  bearings  (^nd  lubrication)  ^re  the 
answer.  _-^/  -  * 

PLAIN  (SLIDING)'  BEARINGS.  —  MoSt  often  tfed 
^  pairts  which  rub  together  are  mkde  of  steeii— 
Sometimes  the  friction -c^ribe  reduced  sufficiently 
by  simply  insertingj^^strip  of  softer  ihetal,  . 
such  as  bronze,  betweeji.  th'e  two  steel  parts. 
This  is  the  theory  behind  tiie  plain/  or  sliding, 
^type  bearing.  In  figure  6-3  you  Cairtee  three  ^ 
applications.  *  ,  ' 
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Example  of  plain  (sliding)  bearings. 


•  In  figure  6-3A  you  see  a  gun  slide weldment 
in  which  the  gun  and  housing  move  in  recoil 
^^yj^nd  cQunterrecoil.  The  bearjng  strips  (one  is 
hidden)  inside  the  slide  are  made  of  bronze,  and 
support  the  heavy  housing  as  it  moves  forward 
a*nd  aft  during  firing.  The  barrel  bearing,  also 
bronze,  supports  the  barrel  in  these  movements. 
In  figure  6-:3B  you  are  locking  up  at  a  sliding 
wedge  type  breech  mechanism.  The  breech  oper- 
atii^  shaft,  in  its  rotatii^  movement,  raises  and 
lowers  the^  breechblock.  You  can  see  that  the 
steel  ,operating  shaft  is  kept  from  coming  into 
direct  contact  with  the  steel  slide  and  bearing 
caps  (not  shown)  by  cylindrical  bronze  bearir^s. 
For  ease  in  assembly  and  disassembly,  the 
bearings  are  in  two  parts.  Notice  the  oil  grooves 
cut  into  the  inside  of  the  bearing.  These  grooves 
distribute  the  lubricant  around  the  shaft  from  a 
zerk  type  fitting  on  the  bearir^  caps. 

The  bronze  bearing  .  blocks,  up  inside  the 
breechblock,  transmit  the  rotating  movement  of  the 
operating  shaft  to  a  vertidal  movement  to  raise 
and  lower  the  breech.  These  are  oblong  bearings, 
ridir^  in  slanted  blockways  in  the  block.  They 
are  lubricated  by  means  of  oi^holes  drilled 
.throughout  their  length.    ,  •  ^ 


BEARINGS  ^VITH  ROLLER  CONTACT.  -  The 
plain,  bearings  we  have  just  described  will  reduce 
friction.  A  much  more  efficient  type,  however, 
is  that, which,  inserts  a  rolling  contact  between 
the  stationary  and  moving  elements  of  the  mech- " 
anismy  The  rollir^  elements  are  balls  or  roUets.  , 
The  bearing  assembly  usually  is  made  up  "of  three 
parts  — th6  rolling  elements,  a  separator,  and  two  . 
races.     ,  • 

An  ojfdnance  application  of  roller  bearings 
'  can  be  seen  in  figure  6-4A.  Here  they  are  used  to  , 
,  reduce  friction  between  thS  rotating  gun  mount 
,  (base  ring)  and  the  stationary  stand.  The  hori- 
zontal rollers  support  the  weight  of  the  mount. 
The  upper  race  (roller  path)  <s*part  of  the  base 
ring.  The  lower  race  is  part  of  t^e  stand.  The 
separator  keeps  the  roller  bearings  from  getting 
car^ted  and  running  into  one  another.,  TheiupfigW 
Radial)  bearings  reduce  friction  between  the  base 
anb  stand  when  a  sideways  force  is  exerted 
the  mount. 

'In  figure  6-4B  you  see  tapered  roller l)earings 
used  in  txiunnions.  In  this  .application  they  allow 
'  /th(^4runnions  to  rotate  freely,  but  Restrict  side-^ 
''ways  and  up-and^rdown  movement  as  the  gun  bucks 
during  firing.  /  .     ^  •  <^ 

BALL  BEARINGS.  — The  roller  bearing  as- 
sembliei^  just  described  can  be  disassembled  for  * 
replacement  of  parts,  for  cleariii%,    and  ,  for 
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BASE  ^ING 


STAND 


STAND  ROLLER  PATHS 
(RACES) 


TRUNNION^ 
BEARING 
BLOCK 


RAOI/ST 
ROLLED  BEARING 

SEPARATOR- 


TRUNNION^ 
BEARING 
KEY 


-TRUNNlOhL_^ 
BEARING  CAP 


ROLLER 
^EARIN 


^  examination,  etc.  Ball  bearings,,  on  the*  other 
hand,  usually  are  assembled  by  the  manufacturer 
and  installled  as  a  unit.  Like  roller  bearings, 

^  the  ball  bearings  reduce  friction  anti,  in  some 
applications,  prevent  unwanted  movement. 

Sometimes  maintenance^publications  refer  to 
roller  and  ball  bearings  as  being  either  thrust 
or  radial  bearings.  The  diffe re ncet between  the  two 
depends  upon  the  ^angle  of  intersection  between 
the  direction  of  the  lo^d  and  the  plane  of  rotation 
of  the  bep^ring.'  Figure  6-5A  show6  a  radial  bait 
bearir^  assembly.  Jrhe  load  here  is  pressing 
outward  ajong  the  /radius  of  the  shaft.  Now  suppose 
a  strong  thrust '  is  exerted  on  the  right  end 
of  the  shaft,  tending  to  move  it  to  the  left. 
You  can  see  that  the  rSidial  bearing  is  not  f 
designed  to  support  this  axial  thrust.  Even 
putting  a  shoulder  between  the  load  and  the  inner 
race  wouldn't  do.  It  would  just  i>op  the  bearings 
out of  their  races.  The  answer  is  to  arrange 
the  races  differently,  as  in  figure  6-5B.  Here 
is  a  thrust  bearing.  With  a  shoulder  under  the 
lower  race,  and  anoth'^r  between  the  load  and  the 
upper  race,  it  will  h&dle  any/  axial  load  up  to 
its  design  limit. 

N  The  horizorijal  l^arings  shown  in  figure  6-4A 
are  another  example  of  a  roller  thrust  bearing 
assembly.  The  vertical  roller  bearings  in  the 
illustrati(5h  are  called  radial  bearings.  Some- 
times bearings  are_designed  to  support  both' thrust 
and  radial  loads,  thusllie^terrii  RADfA^  THIHJST 
bearings.  For  an  example  of  such  bearings  see 
-the  tapered  roller  bearings  in  figure  6-4B. 

GEARS 

*  r 

A  '^ar  is  a  toothed  wheel  that  transmits 
motion.  When  it  is  engaged  with  anothejr  gear 
.or  too^h  device i  it  cam  •  , 

i  •  " 

1.  Change  the  direction  of  fhotion, 

2.  Change  the  type  of  motion  (e.gri.linear  to- 
''Circular), 

3.  Increase  or  decrease  speed, 

4.  Increase  or' decrease  foxce^ 

* 

*  A  .detailed  study  of  gear  types  and  functions 
ca'n,  be  found  in  Basic  Machines,  NAVPERS 
<-10624ii.  Our  coverage  of  gears  here  i8,limlte&* 
to  those  types  vliich  have  ordnance  tipplications. 
We  ^lll  show^four  types 'of  geat^  and  f how  they 
actually  worK  in  a*piece  of  prdnapce  equipment. 

Spur  Ge^ars  ,  .  • 


f  ♦84.120 

j.rigure  6-4.  ^  f*t  ixings  \nth  rolling  contact.  . 


A  spur  ge&r  has  teeth  that ' are  paralleLio  the 
axis  of  rotation  of  the  gear,  and  to  its  axle  oir 
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.  Figure  6-5/—  Ball  bearings  — A.  Radial  type.  B.  Thrust  type. 

shaft.  An  external  spur  gear  has  teeth  on  an  t^y  gears  1  and  3.  It  is  also  done  by  gears  2 

outer  circumference.  Because  of  ^heir  versatility  and  6  during  a  feeding  cycle  from  the  left, 

(thev^iaa.  transmit  motion,  change  direction  of  So  let's  make  another  cyqie  and  see,  in  this, 
mgjiron,  etc.),  spur  gears  are  used  in  ordnance  'case,  how  speed  of  motion,  is. incteased.  Be- 

ej^bipment  more  than  any  other  type  of  gear..  ^^^^  we  cycle  from  the  left,  let  us^lide  gear  3 
j  Figure  6-6   shows  a  train  of  spur  gears.  mesh  witb  its  driving  gear  i£nd  the  center 

It  IS  a  part  of  the  hopper  drive  gearing  usedon  sprocket  gear  and,  at  the  same  time,  move  geat 

tie  3"/50  RF  loaders.  Its  purpose  is  to  turn.  5  into  mesh  with  its  driving  gear -2  and  the  center 
tie  sprocl&ts  in  such^a  dilution,  and^at.^uch..i§P£^^-^^t  S^ar  _  _  ^^Z^  . 

time,  as  to  cause  the  loader  to^feed-ammunitioo-^^^iLj^^e  f^^w  cycle  starts,  gear  1  'rotates 
Kilter  nately ,  first  from  one  side  and  then  the  other,       the  same^  direction  as  befo.re.  *  clQckwIse.Gear 

In  figure  6-6,  gear  1  is  the  only  gear  driven  2  is  meshed  with  getir  T  and,  always  moves 

by  an  external  force— electric  motor.  It  in  a  counterclockwise  direction.  During  thisx;ycle, 

is  driven  in  one  direction4onlx.  Gears  3  aqd  6  S^^r   2  imparts  its  motion  to  gear  6  and  all 

are  sliding  gears  wfaich.  while  tli^y  never  become  subsequent,  gear  movements  are  in  the  opposite 

completely  disconnected  fror^the  extreme  out-"  -direction  from  those  occurring  during  the  right- 
board  gears  {4  and  7),  alternately  mesh  and  unmesh  .  l^^nd  cycle.  Thus  ge^rs  5  and  7  will  turn  in 

with  the  center  sprocket  gear  5.  In  the  illustra-  ^  countercdockwise  direction- 90''  and  t^en  stop, 
tion,  gear  3  is  meshed  with  gear  5,  but  gear  6.       Sprocket  movement  is  always  99 V<3ne quarter^ 

is  not.  /  *        .  '  turn.  If  you  count  .the   teeth  irt  one  quarter 

Here's  what  happens  enuring  a  cycle,  gear  1  section  of  the  sliding  .gear^  y6u  will  f;nd  that' 

rotates,  in  a  clockwise  direction  (see  arrow)  there  ^re  10." Since  there  is  no  slippage  ui  gears, 

and  drives  gear  8  in  the  opposite  {counter-  driving  gear  2  had  to  n:io've  10*  tepth  past  its 

clockwise)  .direction.  Gear  3  drives  gears  4  and  Polnl  of  mesh  with  the  slldi/ig  geaf.  From  the 

6  'which  transmit  their  cloclcwise  motion  to  their  illustration  you  can  see  that  10  teeth  on  the  driving 

sprockets,  pulling  a  round  of  ammunition  from  gear'  are'  equal  to  about  tsu^Q*"  segment.  Since 

the  right.  After. the  sprockets  move  90^  they  both  gears  moved  thrpugh  tiielr  segments  during 

are  stopped  by  other  de.vices  in  the  loader  con-  the  same  time  perio^l,  tHfe  smaller  gear  rotated 

trol  unit..    '        \  '  one-third  faster  than  the  .larger  gear  drivitig  it. 

You  have  |us£  seen  how  motion^iE  transmitted        We  have  jbst 'depionstrxited  how  a  speed 

by  gearing,,  and  how  the  dii^him^of  movement  increase  is  obtained 'by  driving  a  small  gear  with 

was*  changed   (reversed^ff^  .once  but  twice,  a  larger  gear.  A  speed  decrease  ispbfainedt^ 

How  about  the  ability^^tJf^pur  gears,  tu  increase  doing  just  the  opposite,  using  a  "small  gear  to 

joi  decrease  the  §peed  of  a  motion?  This  Is  done  ^rjve  a,  larger  gear»  Before  feaving  th^  subject 
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of  speed  reduction  and  increase,  we  must  tell 
you  that  any  increase  in  speed  is  accomplished 
at  the  expense  of  force.  You  already  understand 
this  principle  if  you  have  ever  dri\en  an  old 
automobile  with  a  stajidard  transmission.  You 
.know  that  to  get  such  a  car  up  an  extremel>  steep 
hill  you  probably  had  to  shift  to  low.  This  gearing 
arrangement  reduced  >our  speed  but  ^ave  you 
^reat^r  force.  Once  at  the  top  of  the  hill, 
you  shifted  to  high  which  is  a  speed  increasing 
arrangement  of  the  transmission  gearing.  You 
could  afford  to  sacrifice  force,  at  that  time,  for 
§peed. 

*'  >     .  " 

Worm  Gear 

Worm  goring  is  used,  to  obtain  large  speed 
reductions  between  nonintersecting  shafts  making 
an  angle  of  90®  with  each  other.  V\itha  worm-and- 
wheel  gearing  arrangement,  the  velocity'  ratio 
is  th?  ratio  between  the  num»/er«.of  teeth  on  the 


gear  (such  as  a  spur  gi^r)  and  me  number  of 
threads  on  the  worn.  Without  going  into  formulas, 
we  can  say  that  a  30-tooth  gear  (\Wieel).  that 
is  meshed  with  a  worm'*'gear  witti<only  one 
thread  will  have  a  velocitj^^of  1  to  30,  i.e.,  the 
worm  must  make  30  revolutions  in  order  to  make 
the  spur  gear  revolve  once.  A  DOUBLE- 
THREADED  wormi  will  cause  the  spur  gear  to 
make  one  revolution  after  only  15  turns,  etc. 

Figure  6-?  illustrates  a double-ttireaded  worm 
and  sp^ur  drive  gear^  You  may  recognize  these 
gears  as  Being  part  of  th^e  loader  drive  control 
mechanism  of  a  3."/50  RF  gun.  The  W(Jrm  can 
be  driven  by  an  eljactric  drive  motor  or  by  a 
hand-crank.  The  spur  gear  has  24  teeth  and  the 
wofm  is  double-threSded.  *  (If  you  have  trouble 
tr>ing  to  find  two  threads  on  the*  worm,  just 
think  of  the  worm  as  having  two  positions  by 
which  a  nut  could  be  started  onto  its  end.) 
With  this  geaiii^  ratio  the  worm  must  turn 
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Figure-  6-6.  —  Spur  ge^ars. 
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through  12  revolutions  to  rotate  the  spur  gear 
one.tunu  •  * 

Worm  gears  are  an  excellent  choice  to  drive 
indicating  devices  such  as  those  in  fuze  setters^ 
and  power  drive  indicator  relators.  These* 
diala  must  accurately^  transmit  gear  movements 
of  fractions  of  degrees. 

One  more  fact  before  moving  on  to  the  next 
type  of  gear.  Movement  :ofW  spur  gear  cannot 
be  backed  up  through  the  worm.  This  is  called 
a  non--reversing  worm  drive.  This  is  why  there 
.  is  always  a  worm  in  gun  elevation  gearing. 
.You  can  elevate  a  heavy  gun  manually  to  a  cer- 
tain degree  and  it  will  stay  there.  Without  the 
worm,  gravity  would  cause  the  ^heavy  position 
of  the  gun  (breech  or  muzzle)  to  settle.  Its 
niovements  would  b^J^ut  through  the  gearing 
and  handwheels.  \^^|^ 

Bevel  Gears 

Bevel  gears' are*  used  to  connect  tw6  intersect- 
ing shafts.  Figure  6-8  shows  a  set  of  bevel 


gears  connecting  a  manual  drive  shaft  to  a  train 
worm  ge^.  Here  the  shafts  are  at  right  apgles 
to  one  another,  and  the  teeth  are  cut  at  a  45® 
angle.  Bevel  gears  such  as-  these  are  called 
MITER' GEXrS.  * 

Any  desired,  ratio  Of  speed  or  force  can  be 
developed, by  bevel  gears,  just  as  with  spur  gears. 
By  driving  a  large  gear  with  a  smaller  one, 
you  decrease  spe&  but  gain  in  force,  and  vice 
v^rsa,  '  ^     "  • 

Rack  and  Pinion  Gear 

The  gears  we  have  looked  at  so  far  transmit 
rotation.  Sometimes  it  is  necessary  to  change 
circular  motion  to  straight  line  motiorf.  Oneway 
to  do  this  is  by  the  u^  of  a  cam,  a6  you  will  see 
later.  Another  method  uses  a  gear  arrangement- 
called  a  rack  and  pinion.  (A  pinion  is  a  gear 
with  a  small  number  of  teeth .  designed  to  mesh 
with  a  larger  gear  or  rack).  In'^figure  S-9A 
you  can  see  thaj  the  pinion  resembles  a  spur 
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Figure^e-S.  —  Bevel  gears. 
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Figure  6-9.  — Rack  and  pinion— Converting  rotary 
.  '       '  motion  to  linear  motion. 

gear.  The  rack  has  teeth  similar  to  those,  of  , 
a  spur  gear  but  they /are  arranged  in  a  straight 
line.  In  the  example  the  rack  and  pinion  ^are 
located  in  a  trunnion^  aiid  are  used  to  transmit 
-  gun*  elevation  .to  (he  firing  *  ^^dt  mechanism. 
When  the  gun  is  elevated  or  depressed,  thepinion 
is  rotated.  This  causes  the  rack- to  walk  up 
(of  down),  positioning  a  pluhger  over  the  face 
5.22.4  of  the  'firing  cutout  cam.  A'  rdck  and  pinion  can 
also  be  used  to  ,<^haiige  stral^t  line'  mption  to 
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circular  rnqtioiu  To^o  this*,  you  'simply  connect 
to  the  pinion  whateve^ou  yant*  rotated,  and  then 
pun  or  push  tiie  tack. 

An  unusual  rack  and  pini'6n  setup  is  used  in 
some  power  rammers.  A  diagram  of  such  un 
arrangement  is  shown  in  figure  6-9B.  Here  are 

'two  racks  and  one  pinion.  One  rack  is  fixed  to 
the  stationary  gun  slide;  the  other  carries  the 
rammer  shoe.  The  pinion  is  pulled  back  and 
forth  by  a  piston  in  the  hydraulic  section  of  the 

'  ramjner  drive.  With  such  a  gearing  design, 
linear  motion  of  the  hydraulic  p}ston  is  changed  . 
to  rotary  motion  of  the  pinion,  then  back  to 
linear  motion  by  the  moving  rack.  Not  only  does 
it  do  all  this,  it  doubles  the  linear  input.  Here's 
how: 

-YoCi  can  see  th^^he  pinion  is  26.  inches 
from, the  tface  of  th'e  gun  chamber.  The  rammer 
shoe  is  52  inches  from  the  chaniber.  When 
a  cycle  is  started  ,  the  pinion  is  pulled  to  the  ' 
right.  As  it  walks- along  the  fixed  rack,  the  moving 
rack  is  fulled  along  also.  At  the  end  -of  26 
inches' of '  pinion  movement,  the  cycle  ends. 
The  cammer  shoe  has  traveled  "52  iqpheS'  and 
has  pushed  the  round  of  ammunition  into  the 
chamber.  On  the  retractr  stroke  tlfe  same  actions 
Occur  in  reverse.  When  liie  pinion  is  pushed 
back*  10  teeth  (26  inches),  the  upper  rack  will 
\yalk  back  10  te^th  also,  but  the  combined  move- 
ments position  ttie  rammer  shoe  52  inches  from 
the  face  of  the  chamber  o'nce  again. 

This  multiplying  gear  arrangement  makes  it 
possible  to  get  all  of  the 'rammer  inside  the  gun 
hieldg  of  5M  gim  mounts.^^  

CAMS 


CAM  PIATE 


CAM  PLATE 
SfRIHG 


tUG  OPERATING 

SHAFT  CRANK  ^ 


A  cam  is  an  S^regularly  shaped  device  which 
is  used  to  transmit  motion  through  a  follower. 
Some  cams  are  stationary.  When  the  follower  is 
riioved  over  the  cam's  specially  shaped  surface, 
it  is  moved'  lip  or  down.  In  other  applications 
the  cam  is  built  like"'  a  wheel  with  a  lopsided 
edge.  In  this  case,  the  follower  •is  usually  a 
shaft  .with  a  roller  in  contact  with  the  capi.  When 
the  cam  is  jrotated",  the  shaft  moves  back  and 
forth  following  the  cam's  irregular  contours. 

Edge  Cams  .  ^ 

*  ^  * 

An.  edge  caifi  is  one  wiiich  has  the  irregullr 
surface  machined  Qjoupd  its  outer  edge.  Figure 
6-lOA  shows  how  an  edge  cam  is  used  to  lower 
the  breechblock  of  a  sliding^ wedge  typeib^eech; 
mechanism.  .  ^  ^ 

Th'e  cam  plate  is  Secured  to  a  nonrecoiling 
part  of  the  mount.  The  operating  shaft  crank 


f  84.125 

Figure  6-10.  — Edge  ctois  — A.  An^  edge  canx 
rotating  an  operating  shaft.  B.  An  edge  cam 
0     positioning  a  hydraulic  valve. 

moves  back  and  forth  w)ien  the  gun  fires.  the 
Illustration,-. the  gun  is  returning  t3  battery  and 
a  lug  on  the  operating  shaft  crank  Has  just  come 
into  contact  with  tlie  cjim.  As  the  gun  qjpyes 
farther  into  battery,  tilSj|lug  is  forced  to  ride 
down  the  slop^  of  the /bam.  This  causes  .the 
operating  shaft  tp  rotate  cipgkwjso,  pulling^the 
breechblo.ck  down*    •  '  -   . '  • , 

Another  application  of.theed^camcanbeeeen 
In  figure  6-lOB.  Here  rotary  motion  is  changed 
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to'*straight  line  motion.  As  the  cam  is  tuMed', 
the.  lever  Is  lorced  to  follow  the  specially  de- . 
signed  contour  around  itsedge.  Through  a  plainer, 
the  hydraulic  valve  is  moved  up  or  down  during 
the  cam's  rotation.  •  This  causes  hydraulic  pres- 
sure in  the  valve  block  to  be  closed  off  oi>  opened 
according  to  plan. 

Face  Cams 


.A  face  cam  Is 
Surfaces  machined 
follower  Is  forced 


Barrel  (Drum)  Cams 

I.       ■  • 

Barrel  cams  are  cyllndricalln  sMpe.  Usually 
the  camming  surfaces  are  grooves  spiralling, 
around  the  inside  or  outside  of  the  Darrel.  Figure 
6-12  shows  a  barrel  cam  used  in  the  8"  turret 
synchronizing  control  device.  As  the  barrel  is 
turned,  the  follower  will  move  back  and  forth 
along  the  length  of  the  barrel. 

Another  example  of  the  barrel  type  cam  is  the 
differential  cam  used  In  6"/38  Indicator  reg- 
ulators. .  .  , 

LEVERS  AND  LINKAGES 

4 

Levers  are  the  simplest  and  perhaps  Ihemost 
familiar  of  all  machines.  There  are  three  classes 
of  levers  — first,  second,  and  third.  They  differ 
primarily  in  the  relative  points  where  effort 
Is  £tpplled,  where  the  resistance*  Is  "overcome, 
and  where  the  fulcrUm  is  located.  Of  the  three 
Classes  of  levers,  the  first  class  is  u^d  most 
of^en  in  ordnance  equipment. '  So  our  discussion 
here  Will  be  concerned  only  with  that  class. 
In  first  class  levers  the  effort  and  resistance 
are  on  opposite  sides  of  the  fulcrum,  and  the 
effort  and  resistance  move  In  opposite  directions, 
.WTiat  Is  the  purpose  of  levers?  It  depends 
In  figure  6-llB  you  see  another  kind  of  face/tpbn  their  application.  One  thing  they  all  do 
cam.  Here  the  cam  surface  is  an  eccentHC^ls  transmit  motion.  Of  more  importance  is  their 
groove  cut  in  the  face  of  a  cam  gear.  A  roller,  ability  to  magnify  the  effort  ej&rted.  Look  at 
connected  to  one  end  of  a  follower  shaft,  rides  flgu*re  6-13  v/hile  we  show  how  a  first  class 
In  ^  the  groove.  As  the  cam  turns,  the  follower   lever  works. 

-moves- -back^  and^foxtht-imparting-Jinear_mQ|j^n  _JLexe^J3UU3^^pait_  J)f__.  the^  interlock 

to  whatever  device  it  is  attached  to.   *  ^ 


one  which  has  the  irregular 
into  'its  face  (flat  side).  The 
to  move  back  and  forth  (or 
up  and  .down)  to  maintain  contact  with  the  Irregular 
surfaces.  .         ,  • 

Figure  6-llA  shows  a  face  cam  used  to  in- 
terrupt gunfire  when  the  gun  is  pointed  at  some 
part  of  the  ship's  structure.  The  cam  has  )iigh 
and  low  areas  cut  into  it.  It  Is  rotated  by  gearii^ 
v/hen  the  mount  is  trained.  The  canipin  (follower) 
is  positioned  by  a  rack  and  pinionSCcordii^  to 
S3ie  gun*s  elevation.  When  it  is  unsafe  to  fire,' 
the  high  part  of  the  cam  pushes  the  cam  pin 
.outward..  Through  linkage,  this  movement  dis- 
connects the  foot  treadle. from  ihe  flrlr^  mech- 
anism. In  the  case  of  electrical  fire,.  the#»same 
linkage  movement  causes  a  switch  to  open,  break- 
ing the  firing  circuit  to  the  firing  mechanism. 


mechanism  of  a«  3"/50  itF  gun.  It  Is  made  up  of 
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CONTROL  LEVER  yDIFFERENTJAL  LEVER 


Figure  6-l2.  — Barrel  cam. 


levers,  camfe,  and  linkages  v/hich  prevent  loadihg  , 
cycles  from  starting  until  certain  condttions 
exist.  A  round  must  have  been  fired,  the  tx)re 
must  be  clear,  and  the  gun  completely  back  In 
battery.  The  actions  and  components  o^  this 
mechanism  are  unimportant  to  this^  discussion. 
They  are  shpwn  only  to  represent  a  resistance 
which, must  be  overcome  by  some  force  before 
they  will  act.  During  actual  firing  this  force 
comes  from  recoil,  counterrecoil,and  empty  case 
extraction..  For  the  first  cycle  to  starjt,  however ,- 
the  linkage 'must  bS  cleared  by  hand.  Thts  is  the 
job  >of  the  hand  reset  lever.  This  is  a  first 
class  •  lever,  and,  it  will  multiply  the  force  you " 
e.xert  on  it  to  actuate  the  linkage  and  clear  the* 
mechanism.  Kerens  how:  ^ 

In  Ihe  insert  you  see'  a'  lever.  Like  the  hand 
reset  lever,  it  has  '3  basic  parts— a  force  or 
effort  (E),  which  you  .\yill  apply  at  a  distance^ 
•(L)  froni  the  FULCRUM  (F);  and  a  resistance 
(R),  which  acts  at  a  distance  (i)  from  the  fulcrum. 
If  the  resistance  (R)'  at  the  end  of  the  fulcrunni- 
is  60  pounds,  how  much  force  will  you  have  to 
apply  to  overcome  it? 

Us»  the  fbrniuja  shown  under  the  leyer^in 
•figure/ 6-13;  assume  that  L  »  6  inches  'and^fe, 
2 ,  inches.  Substitute  these  numbers  into  the 
formula.     -  , 


WTERLOCK-  FINGER 
CAM  LEVER  ROD/  LEVER 

INTERLOCK 
FINGER 


HAND 
RESET  LEVEF 


CAM  ^UtOE 
BRACKET 


CAM  LEVER 


BORE  CLEAR,' 
LATCH  LEVER 


84.;l28' 

Figure  6-l3.-r  A  fii;st  class  lever. 

>  .  : 

The'  formula  above  the  lever  (fig.  6-13)  is 
used  to  compute  mechanical  advantage  (MA). 
Mechanical  advantage  isthe,ratiac!f  theresistance 
to  the  applied  effort—     .       *       •  *  , 

.    '  MA=-# 


You  need  apply  a  force  of  only  20  pounds  to  Substituting  the  §ffbrt  and  resfstance  from  the 
lift  60,  ,,  ,  ,  previous  problem,  you  wll^lnd  that  ■/ 
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Another  method  of  finding  mechanical  ad^  . 
vantage  is  by  divi(Jing  the  length  of  the  effort 
arm  L  by  the  length  of  the  resistance  armi. 
In  this  case,  •  ' 

V 

Linkage  mechanisms  contain  levers,  cranks; 
and  conne^cting  links  such  as  push  rods,  bars,  and 
slides.  Linkages  are  uspd  in  ^uipment  which  has 
to  be  opened  or  closed;  for  instance,  valves  in 
Blectric-hydraulic  systems,  gatfes,  clutches,  etc. 
Figure  6-14  shows  the  linkage  mechanism  used  to 
open  and*  unlatch  the  gates  of  a  3' '/SO  RF 
loader^ 

The  front  .gates  must  be  opened  before  the 
round  of  ammunition  is!fetarted  downward  into 
line  with  the  gun  chamber^  The  rear  gate  must 
be  unlatched,  also  because  the  first  movement 
of  the  ©loading  tray  is  rearward,  then  downward. 
Movement  of  the  linkage  is  started  at  the  cam 
in  the  uppgr  left-hand  part  of  the  illustration. 
As  the  cam  turns,  a  first  class  lever  is  moved 
and  sets  the  rest  of  the  linkage  in  motion  (follow 
the  arrows).  The  first  output  of  the  camroperated 
rever  is  in-line  motion,  straight  backwards. 
Cranks  transfer  this  motion  to  the  front  gates, 
moving  them  outboard.^  Follow  on  to  the  rear  of 
the  loader  and  you  can  see  that  a  cam  is  moved 
iorward^  Thi^  pullr-down  the  left-end  of  a  lever. 
As  the  right  end  of  the  lever  is  moved  upward, 
it  unlatches  the  rear  gate. 

The  job.  of  opening  andj  unlatching  the  gates 
could  be  done  witti  gears  and  shafts,  but  it  should 
be  obvldus  to.^  you  that  the  linkage  will  do  it 
much  more  efficiently.  « 

CHAINS  AND  SPROCKETS 

»  You  already  understand  , the  p'rinciple  of  the 
chain  and  sprocket  mechanism  if  you  know  how  a 
bicycle  is  powered.  A  chain  is  wrapped  around 
two  sprockets  (  some  distance  apart),  and  brought 

>ack  aijd  connected  to  itself  by  a  connecting  link. 
Sitice  the  chain  engages  matching  teeth  on  the 

.  sprockets^  when  one  sprocket  is  t^lrned,  the  other 
must. turn.  Thus  rotary  motion  is  transmitted 
with  jio  slippage. 
.  Speed  reduction  or  speed  Increase  (with  a 
corresponding  increase  of  decrease  in  force) 
can  be  obtained  with  sprockets  and  chains  lathe 
same  manner  as  with  gearing.  That  Is,  w^n^a 


lS^ 
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.  small  sprocket  is  used  to  dr\e  a  larger  one,  the 
result  is  a  decrease  in  speed  but  an  Inc^as, 
in  force,  and  vice  versa.  The  sprocMpa 
chain  mechanisni  is  used  in  most  ordnance  ap- 
plications to  transmit  motion.  Mption  thus  trans- 
mitted can  cover  relatively'large  distances  where 
the  use  of  gearing  would  be  prohibitive  due  to- 
inefficiency  and  weight.  ^ 

Many  types  of  hcjgHs,  for  example^  use  the 
chain  aVid  sprocket  drive  to  move  ammunition 
between  different  deck  levels.  In  fact,  it  is  not 
unusual  to  find  dredger  hoist  chain  drives  which 
span  three  or  four  decks. 

A  smaller  version  of  the  chain  and  sprocket 
drive  can  bej^ee^  Jujfigure  6-15.  The  chain  here 
is  used  to  caflp^^^Jijy^SO  ro^ 
from  the  tray  into  th'#!g6n  cftarnber.  The  forward 
sprocket  is  driven  by  a  gear  train  (not'shown). 
The  after  sprocket  is  driven  by  the  chain.  As 
the^cKanrTtteves  forward,  It  carries  the  driving 
lug  and  shell  carriage  with  it.  This  causes  the 
round  to  move  forward.  The  carriage  is  unlatched 
from  the  chain  after  a  certain  distance,  and  the 
driving  lug  provides  the  final  catapulting  actioiu 
After  the  round  clears  the  tray,  the  tray  starts 
its  upward  movement.  Gearing, now.  rotates  the 
forward  sprocl&t  carriage  aft  to  picR  up  the  next 
round.  '  * 

CLUTCHES  *  ; 

A  clutch  is  a  form  of  coupling  used  to  connect 
shafts  in  equipment  drives.  There  are  two  classes 
of  clutches— the  positive  clutch  and  the  friction 
clutch. 

•     -  4  M 

Positive  Clutch  ' 

When  a  positive  connection  of  one  shaft  with 
another 'is  needed,  a  positive  clutch  is  used. 
This  clutch  is  the  simplest  of  ill  shaft  oonnectors. 
Because  it  does 'not  slip,  this  clutcli  generates 
no  heat.  The  use  *ot  Uie,  positive  .type  clutch 
is  limited  by  the  speed  of  the  shafts  to  be 
connected.  If  both  shafts  can  be"  stopped,  or 
made  to  move  relatively  slow,  the  positive 
clutch  can  cause  the  shafts  to  be  engfi^d. 
Figure  6-16  showp  a  blutch  which  is  us^ 

-  to  select  one  of  two  powers  sourqes  to  drive  a 

*  mechanism.  There  are  three  sets  of  jaws.  The 
jaw  on  the  left  has  a  fixed  connection  ( by  a 

^  coupling  )  to  the  prirAary  source  'of  fiower.  The 
jaw  on  the  tight  is  part  of  the  sprocket  driven 
by  an  auxiliary  poWer  source,  t  Between  these 

.  two  Is  a  sliding  jaw  which  Glides  left  and  ri^t 
on  a'  spline  on  th^  drive  shaft.  This'  center  jfaw 
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,         *       Figure  6-14.  — Gate  operating  linkage.  ^  84.129 

has  the  only  physical  connection  to  the  drive 
shaft.  It  *is  moved  by  the  shifting  levqr.When 
shifted  to  the  left,  the  sliding  jaw  engagee  the 
jaw  SjBcured  to  the  primary  power  source  "and 
connects  it  to  the  driven  n^echanism  through  the 
drive^  shaft.  When  shifted  to  the  right  (as  shown), 
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it  engages  with  the  jaw*  driven  \by  th^  chain  and 
sprocket  from  the '  auxiliary  source  pf  power. 

Square- jawed  positive  clutches  axe  .most  often 
found  In  places  such  as  h^ndwheel  gearing,  wliere 
they  are  moved  to  select  gear  ratio^^.  or  types, 
of  control  Inputs  to  the  powfer  drive. 


84.130 


Figure  6-1 5. -t  Chain  and  sprockets. 


Fric):i$if6tutch  '  *     ,  '  ' 

"^metimes  it  is  necefesary  to  connect  a  shaft  ^ 
which  is  rotating  fairly  fast  with  another '^ich 
is  not  rotating.  This  can  be  done  with  a  friction 
clutch.  When  an  initially  stationary  shaft  is  to 
be  driven  by  a  moving  shaft,  the  friction  surfaces 
of  the  clutch  (between  the  two  shafts)  will  absorb 
the  slippage  until  the  driven  shaft  is  brought  up 
to  speed.  In  this  manner  an  electric  drive  motor 
can  be  kept  running  continuously,  and  power  c^ 
be  tapped  from  its  drive  shaft  when  desired. 
E  ngaging  the  friction  type  clutch  causes  the  motion 
to  be  transmitted  without  serious  shock  to  the 
shafts. 

Figure  6-16  shows  the  clutch  placed  between 
an»  electric  motor  and  the  mechanical  drive 
gearing  of  thQ  3**/50  RF  automatic  loader.  The 
clutch  is  m^ade  up  ^of  several  discs.  The  discs  ^ 
Site  of  two  'types  (shown  in  the  insert)  an4  are 
placed  alternately  on  the  shaft.  The  large  disc 
has  projections  which  fit  into  slots  of  a  cup. 


The  cup  is  part  of  the  shaft\from  the  electric 
motor.  As  the  electric  motor. is  running  con- 
stantly, the  attached  discs  are  also  rc^tii^. 
.The  smaller  discs,  <)n  the  ri^t  in  the  insert, 
are  keyed  to  the  woriu  shaft. 

'  When  the  clutch  shipper  sleeve  is  moved 
slightly  to  the  right,  no  cytle  is  possible.  The 
discs  are  not  In  immediate  contact  ^  the  larger 
ojies  are  rotating,  the  small  ones  are  idle.  When 
a  cycle  is  started,  the  clutch  shipper  sleeve  is 
slammed  to  the  left,  bringing  the  discs  hard 
against  each  other.  Through  friction,  the  large 
discs  transmit  their  rotation  to  tiie  smaller 
discs,  and  the  worm  turns.  Motfon  then  goes 
through  a  train  of  gears  to  move  the  loader 
tray.  When  the  cycle  is  completed,*  other  mech- 
anisms cause  the  clutch  shipper  sleeve  to  move 
ri^t,  disengaging  the  clutch. 

SPRINGS         -  ' 

Sprites  are  elastic  bodies  (metal  In  ordnance 
applications)  which  can  be  twisted,  pulled,  or 


188 


Chapter  6-  BASIC  MECHANISMS 


.     '  '  '  84.122:5.22.9 

•  Figure /)-16.  —  Clutches  —  Positi\e-cIutch  (upper).  Friction  clutch  (IxJwer)^  ^ 

stretched  by   sori^  force.  VVhe^n  the  force  Is    fact,  that  it  is  no.t  practicable  to  list  theip  all  * 
released,  the^  have  the  ability  to  return  tcutheir  "here.  What  we  will  do -is  class  the  springs  ac- 
original  shape.  Because  of  this  ability,  springs   cording  to  type,  and  show  an  example  or  two 
are  often  used  to  store. energy.  Energy  thus  of  how  they  are  used  in  ordnance  gear, 
stored' becomes  a  potential  force  i^v  mechanical  ' 

systems  much  as  the  dry  cell  batteries  provide.  '  Compression  springs  store  energy.  Th^y  are 
in  electrical  circuits.  designed  so  as  always  to  press  outward.  Energy 

•  According  to  their. design  and  applications,  stor^eii  in  such  springs  is  often  used  to  cause, 
springs  can,  do  a  variety  of  jobs.  So  hiany^  in  or  complete,  functioning  cycles. 

¥ 
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Figure  6-17  shows  a  familiar  helical  com- 
pression type  spring*  Coimterrecoil  springs  are 
used  on  -guns  3-inches  and  smaller  to,  absorb 
sonie  of  the  force  of  gun  recoil,  and  \Mhen  the 
force  is  spent,  they  push  the  gun  back  into  battery. 
The  sprmg  in  the  illustration  is  used  on  a  3"/50 
and  is  under  3000  pounds  initial  pressure 
VI hen  installed.  This  force  builds  up  nriuch  higher  ^ 
when  the  gun  -is  in  full  recoil.  The  energy  of 
the  spring  is  use^  to  force  the  gun  back  into 
Ijattery.. 

Helical .  compression  springs  are  also  used; 

1,  To  counterbalance^  heavy   weights.  Such 
springs  are  called  eqtlilibrator  springs;  they  are 
found, on  5*V38  loading  machines  and  3"/50  RF  ^ 
loaders.  , 

2,  Jo  reduce  bh<;ck  or  impact.  Here  the  springs 
are  used  in  buffers  which  will  gradually  check  the 
motion  of  a  moving  weight. 

3,  To  press  on  valves  in  valve  J)l9cks,  They 
will  keep  them  from  being  free-moving  until 
acted  upon  by  another  force  such  as  hydraulic 
pressures,  canris,  or  linkage. 

y 

4,  To  permit  sojne  freedofh  of  movement  5e- 
tween  compone.nts  without  disengaging  them 
(sometimes  called  takeup  springs)  between  two 
collars  of  aligned  shafts.  The  springs  are  strong 
enough  to  allow  one  sha/ttopuUorpusfi  the  other, 
working  as  *one  solid  rod.  If  a  malfunction 
(further  along  the  linkage  train)  should  occur, 
the  other  can  complete  its  movement.  The  spring 
will  take  up,  preventing  damage  to  the  mechanism. 

An*  example  of  this  spring  action  is  found  on 
the  round  feed  shaft  of  the  3'V50  RF  hopper 
drive  gearing.  In  this  usage  any  failure  of  the 
shift-gears  (figure  6-1)  to  mesh  properly  wjll 
cause  a  takeup  spring  on  the  shaft  to  compress. 
The  shifting  mechanism  is  permitted  to  complete 
its  cycle  undamaged,  •  \ 

Tension  springs  (fig.  6-17)  are  just  the  opposi!^ 
of  compression  springs.  That  is,  the>^  always 
tend    to  pull   inward.  In  its  usual  form,  the 

.tension  spring  is  wound  helically  like  the  com- 
pression  type.  This  is  the  type  of  spring  used 
to  keep  screen  doors  shut.  In  ordnance  ap- 
plications, It  is  used  most  often  to  keep  a 
component  such  as  a  lever  bearing  against  another 
component,  a  cam  for  instance.  The  lever  main- 
tains contaqt  with  the  cam*s  irregular  surface 

-  as  the  cam  rotates. 


Spiral"  springs  Jfig.'  6-17)  work  like  the  main, 
springs  of  clock?  or  watches.  They  store  their 
energy  by  being  wound  (tightened)  and  transnviT) 
this  energy  by  unwinding  when   released.  An 
e?^aoiple  of  ^the  spiral  sprir^  is  tije  breech- 
closing  spring  of  the  40-mm  gun.  The  outer  end' 
of  the  spring  iS' stationary.  The  inner  endconnects 
to  the  breechblock  operating  sliaft.  When  the  siiaft 
is  cammed  downward,  lowering  the  block,  it  turns 
the  spring  and  tightens  it.  W^hen  the  breechblock 
is  relea^d  by  the  extractors,  thespringunwinds, 
rotating   the  operating  .  shaft,  and  moving  the 
block  upward  to*a  closed  position. 

Torsion  springs-^  (fig.  6-17)  act  in  much  the  - 
same  manner  as  spiral  springs.  Usually  such 
springs,  are  used  to  return  a  component'  Uf  its 
original  position  after  t:>eing  displaced.  You  find 
these  springs'  orv  axis  pins*of  some  hoist  doors, 
*for  example.  The  door  is  spring-loaded  1b  a 
closed  position.  Pushing  a  round  through  the 
door  forces  it  opeij,  and  then  the , door  springs 
shut  automatically  behind  the  round. 

Torsion  springs  are  used  in  40-mm  loaders 
to  keep  tension  on  the  loading  ancj  stop  pawls. 
In  this  arrangement,  the  pawls  can  be  pQshed 
aside  when  ^munition  is  loaded  through  them, 
then  spring^outward  again  to  prevent  anv  t>ackward 
movement  of  the  ammunition. 


BUFFERS 


A  buffer  is  used  to  cushion  the  collision  of 
moving  components.  Some  buffers  are  simply 
pieces  of  elastic  material,  such  as  rubl^er  or 
plastic,  placed  between  the  moving  parts  at  their 
point  of  impact.  Also,  compression  springs  c^in 
be  used  as  buffers,  as  you  just  learned.  Another 
type  can  be  seen  in  figure  6-18. 

Here  is  a  hydraulic  buffer  using  a  piston  that 

*  moves  in  a  liquid- filled  cylinder.  WTien  the 
buffer  is  not  being  acted  upon,  the  pTston  is  kept 
to  the  left  by  spring  pressure.  Wlien  the  piston 
is  acted  upon  by  some  mechanism,  it  is  forced 
to  the  right,  pushing  fluid  ahead"  of  it  out  of  the 
cylinder.  During  the  first  stage  of  buffing, 4he 
liquid  can  pass  through  throttling  grooves  to 
the  rear  of  the  piston.  As  the  piston  continues 
its  rhovement,  the  throttling  grooves  cut  off 
liquid  flow  and  the  fluid  is  forced  up*  through 
a  much  nariower  opening  at  the  needle  valve. 
This  slows  piston  movement  even  further,  and  the 
mechanism  moving  .the  piston  decelerates  smoothly 
until  it  comes  to  rest. 

The  buffer  shown  in  figure  6-1 8  is  used  to 

,  buff  the  loaderdrive  control  mechanlsmofa3*V50 
RF  automatic  loader.  The  same  gun  uses  similar 
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Figure  6-18.  — Hydraulic  ljuffer. 
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buffers  to  bring  its  loading  tray  to  a  smooth  . 
stop  as -it  slams  up  and  down  approximately 
50  times  a  minute.  On  a  larger  scale,  hydraidic 
buffers  are  used  to  cushion  the  impact  of  .^n 
mofunts  as  they  run  into  their  train  and  elevation 
positive  stops. 

Another  use  of  the  hydraulic  buffer  is  to 
aljsorb  the  kick  of  gunfire  on  guns  40-mm 
sctipi  larger.  What  about  the  large'spring  wrsqjped 
ar9und  the-  barrels  of  such  guns  as  the  40-mm' 
and  3"/50?  It  is  true  that  these  spring^will  ^ 
absorb  some  of  the  gun's  recoil  energy,  but  their 
main  purpose  (in  this  case)  is  to  force  the 
gun  back  into  battery  after  Ihe  hydraulic  buffer 
(brake)   stops  the  gun^s  rearward  movement. 

COUPLINGS 

In  a  broad  sense,  the  term  ''coupling''  applies 
to  nny  device  that  hold  two  parts  together.  For 
our  purposes,  these  two  parts  will  normally  be 
shafts.  In  its  most  familiar  application  a  coup- 
ling will  permit  one  shaft  to  transmit  motion  to 
another  although  the  shafts  are  misaligned^  The 
misalignment  may  be  intentional.  That  is,  the 
shafts  may  have  been  desired  to  me^t  at  an  angle. 
In  this  c\ase  they  transmit  motion  around  a  comer, 
80  to  speak.  The  misalignment  may  sometimes  be 
unintentional  or  unavoidable  because  of  wear, 
slippage,  etc.  Figure  6-i9  shows  four  types  of 
couplings  which  have  wide  ordnance  applications. 


The  flexible  coupling  connects  two  shafts  by 
*  means  of  a  metal  disc.  ThiS' disc  provides  a 
:Jsmall  amount  of^flexibility,, allowing  slight  axial 
misalignment  between  intersecting  shafts.  As 
you  would  imagine,  there  is  a  limit  to  thp  amount 
.  of  force  this  coupling  can  transmit  due  to  the 
relative  weakness  of  the  metal  disc. 

The  adjustable  flexible  coupling  joins  two 
shafts  by  meetns  of  the  metal  disc  and  an  ad- 
justable element.  By  loosening  the  clamping  bolt 
and  turning  the  worm,  the  right-hand  shit  can  be  , 
turned.  This  type  of  coupling  can  be  found  on  guns 
of  nearly  all  calibers,  especially  in  gun  telescope 
and  sightsetting  gearing.  Theseu  items  must  be 
^finely  adjusted  and  this  type  of  coupling  can  do' 
the  job.         ^     ^  ^  '  "  . 

The  fixedTOldham). coupling 'is  not  as  rigid 
as  its  name  implies.'  While  it  is  not  designed  to 
connect  shi^fts  which  meet  at  an  angle,  it  will 
transmit  motion  and  allow  for  some  misalignment 
between  shafts  which  are,  parallel  J3ut  fail  to 
meet  each  other  exactly^  The  drive  shaft  con- 
nects, to  the  driven  shaft  through  a  coupling  ring.^ 
The  ring  has  a  small  amount  of  radia]  play,  and 
.  this  allows  a  small  amount  of  misalignment  of  the 
shafts  as  they  rotate. 

There  are  variations  of  the  Oldham  type  coupl- 
ing, but  they  operate 'on  the  same  principle. 
They  are  widely  used  on  the  output  shafts  of, 
flangfe^mounted  electric  drive  motors  such, ^fs  the 
.  rammer  motor  of  the  5*'/38  gun  and  loading 
nlachi^e. 

The  universal  joint  connects  shafts  which ^eet 
each  other  at  an  "angle.  The  flexible  shaft  also 
does  this.  The  major  advantage  of  the  universal 
joiW  is  its  strength.  It  is  used  in  gearing 
and  shafting  which  carry  a  heavier  load.  Jrt  the 
illustration  you  see  it  used  with  the  manual  drive 
^  geaVing'of  a  5*'/38  pov/der  hoisl. 

SUMMARY 

In  summary, let'sreviewwhatyouhavelearned 
in  this  section.  , 

A  machine  is  a  device  that  helps  you  do  work. 
As  a  Gunner's  Mate,  you  will  maintain  and  repair 
many  different  machines. 

Machines  arfe  made  up  pf  pmaller  i)arts, 
many  of  which  can  be  cla'ssed  as  mechanisms. 
We  discussed  nine  types  of  basic  mechanisms. 
There  are*  more,  but  these  nine  represent  those 
with  the  wii^est  ordnance  applications. 

Some  of  th6  mechanisnis,  such  as  gears  and 
levers,  are  designed  to  multiply  the  force  of 
your  effort.  This  gives  you  a  mechanical  advantage 
of  more  than  one.  When  the  mechanisms  multiply 
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either  the  motion  or  the  speed  of  the  applied 
force,  you  have  a  mechanical  advantage  of  less 
than  one. 

We  found  tihat  couplings  are  used  tp  connect 
shafts  which  are  misaligned,  or  may  become  mis- 
aligned. With  an  addition  of  an  adjustable  element 
(worm  and  gear),  a  coupling  will  permit  a 
driven  mechanism  to  be  accurately  positioned. 

We  saw  Kow  clutches  permit  sl?afts  to  be. 
Rapidly  connected  or  disconnected. 

Machines  are.  not  100  percent  efficient.  One 
reason  is  friction.  Friction  is  reduced  by  lu- 
brication and  bearings. 

% 


Knowledge  of  basic  nriechanisms  will  help  you 
understand  how  a  cojnplex  machine  works.  By 
breaking  the  machine  down  into  parts,  ybu  can 
follow  its  actions  through  step  by 'step. 

Remember  the  schematic  of  the  3-inch  loader 
(fig,  6-1),  you  were  exposed  to  in  the  beginning 
of  this  chapter?  If  you  return  to  it,  you  can 
see  jthat  a  good  many  of  thje  components  in,the 
schematic  are  basic  mechanisms,  which  were^ 
covered  (in  one  form  or  anqther)  in  this  chapter, 
«And  while  no  effort  was  made  to  explain  the 
loader*s  operation,  you  will  find  that  most  of  its 
actions  are  clearer  to  you  now.-,   . 
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CHAPTER  7 


ELECTRICAL  AND  ELECTRONIC  CIRCUIT  ANALYSIS 


Tliere  are  many  electrical  and  electronic  cir- 
cuits used  in  ofdnanca^quipm-^nt.  These  circuits 
perfortti  such  jobs  as  automatic  or  local  con- 
trolt  stabiluationt  amplification,  and  overload 
protection.  It  is  beyond  the  scope  of-this  book^ 
to  examme  each  type  of  circuit  individually,  but 
fortunately  there  is  ^a  shortcut.  All  electrical 

•circuits  use  some  type  of  ba^ic  electrical  or 
eleotronitf  devices;  the^e  devices,  individually  or 
working  together,  can  delay,  interrupt,  isolate, or 
integrate  electrical  and  electronic  circuits,  and 
prevent  damage  to  equipment.  The  purpose  of  this 
chapter  is  to  provide  extensive  information  in  the 
fields  of  electricity  and  electronics  as  they  are 
related  to  ordnance  equipment.  Additional  ref- 
erences should,  be  made  to  Basic  Electricity, 
NA\  EDTRA  10086,  and  Basic  Electronics,  NAV- 
EDTRA  10087,  Thesa  publications  are  used  by 
m^any  ratings  and  present  a  more  comprehensive 

*view  of  the  subject  matter  covered  in  this  chapter. 

We  first  explain  some'  of  the  more  common 
electrical  devices^  used*  as  part  of  a  po^er  drive 
circuit,  ^ve  then  construct  a  typical  circuit  and 
explain  the  procedures  and  equipment  used  to 
locate  failures  within  the  circuit. 

The  last  section  of  this  chapter  is  devoted  to 
some  of  the  electrical  and  electronic  conlrol  de- 
vices, such  as  synchros  and  electron  tubes,  used 
in  oidnance  ^((uipnient.  We  also  cover  some  of  the 
safety  precautio*ns  required  for  trouble-shooting 
electucal  and  electronic  equipment. 

>      ELECTRICAL  CIRCUIT^  ^ 


V  A  complete  circuit  is  an  unbroken  {)aththrouyi 
which  current  fJsows  from  the  negative,  terminal 
of  the  source  through  the  load,  back  to  the 
positive  ternnnal,  and  through  the  source.  All 
circuits  have  a  source  of  voltage,  plus^some  t^-pe 
oi  resistance- (load)  connected  to  tne  source. 
•  The  resistance  of  the  circuit  load  controls  the 
current  flowing  through  the  circuit. 


The  voltage  source  is  the  gen^f  ator,  battery, 
or  any  other  unit  that  suppliei^H^®  electrical 
energy.  The  path  is  the  ,wire  "orr<&nductor  that 
allows  current  flow  from  the  source  to  the  load, 
and  from  the  load  back  to  the  source.  The  load 
is  the  equipment'  that  is  connected  to  the  source 
and  may  vary  from  a  simple  light  to  more  compli- 
cated equipment.  "  '  ■ 

You  learned  from  Basic  Electricity  that  elec-^ 

tricity  Js  a  combination  of  a  force  called  voltage 

and  the  movement  of  electrons  known  as  current. 

^ou  also  learned  that  voltag&is  a  pressure  that 

forces  current  to  flow  through  a  wire,  and  that 

current  has  the  ability  to  heat  a  lamp  filament 

white  hot  and  thus  produce  light.  Figure  7-1 

'  show^  a  practical  indicating  circuit  of  the  type 

used  in  power   drives.   The  lamp,  when  lit, 

indicates  that  the,  electric  motor  energized. 

« 

A.C./D.C.  ELECTRICITY  THEORY 

As  explained  in  Basic  Electricity  the  differ- 
enpe  between  a.c.  and  d.c,  electricity  is  that 
current  al>vays  flows  m  the  same  direction  in  a 
d.c.  circuit  and  reverses  its  direction  at  reg- 
ular intervals  in  an  a.c.  circuit. 

The  direction  in  which  current  "flows  in>a 
circuit  IS  indicated  by  plus  {i)  and  (-)  signs. 
You  learned  fijom  Basic  Electricity  that  the  re  are 
•two  theories  describing  the  duectioh  of  current 
flow,  *.qonventipnal  and  electron^  theory.  In  all 
circuits  used  m  ordnance  equipment  the  eiec1;ron 
theory  of  current  flow  is,  used,  t^s  theory  states 
/that  current  leaves*  the  negative  («^)^'terminal, 
^flows  t*hrough|the"  circuijt,  and  -^^e^tm'ns  to  the 
positive    (+)   termipal  of  the'^^Volfage  source 

(fig.7-iA).    1  .     ^rM^     '  ' 

Current  fl^w  Un  a  circuit  doS^;%|l,^  the  work 
involve^  in  the  ojieration  of  antjle^i^^or  elec- 
tronic qevice, 'whether  it  is  a  si^pl^.\m\p  or  a 
\50mpli6ated  servo  amplifier.  In,flSi^.^l]pplication 
of  current  flow  a  continupus  poXh  tii^^  be  pro- 
vided between  the  two 
source. 


terminals  ^  a  voltage 
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Figure  7-1.— Praptical  indication  circuit. 

There  are  three  generaf  types  of  circuits.  A 
series  circuit  is  one  in  which  there  is  only  one 
path  for  current  to  f\Qw.  A  parallel* circuit  is, 
one' in  which  'there  i&  nioi*e  than  one  path  for 
current,  flow  and  a  series  parallel  circuit  is  a 
combination  of  bcnos  and  parallel  circuits  (all 
are  explained  in  Basic  hl(5ctricity)* 

EleniSnts  In  A  Circuit 

There  uie  bcvuial  deviccb  designed  toprotect 
an  elecUical  eiieuit;  fu&es,  overload  relays, 
relays,  and  switches.  The  most  common,  of 
courser,  is  the  fusd'. 

FUSES. —.The  simplest  form  of  cireuit- pro- 
tective device  is  the  fuse.  A  fuse  is  a  conducting 
element  that  v\ill  inelt  at  ^ynedetei  mined  current 
value,  thus  opening  the  circuit  and  protecting  the 
equipment  against  ,Qxcessive  current. 

,  Eaily^fuses  were  of  the  open  type.  These  were  , 
unsafe  because  the  fusible  element  upon  blowing, 
threw^  out  molten,  metal  causing  bums  and  fires. 
All  fuses  used  by  the  Nav>  are  of  the  enclosed 
type.  The,  most  common  is  the  non-renewable 
cartridge  fuse  shown^in  figure  7-2A»  ^ 

The  fuse  consists  of  the  metal  alloy  fusible 
element,  a  fibci  bod>, filled  with  a  nonflammable 


METAL  ALLOY  FUSE  ELEMENT. 
EXCESSIVE  CURRENT  WILL 
CAUSE  STRIP  TO  MELT. 

A 


COILS  ' 


RESET 
ARM 
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Figure  7-2.  — Circuit  protective'devices  — A.  A 

fuse  (cai*trfdge  type).  B.  Overload  relays. 

material,  and  ferrules  closing  the  ends  of  the 
tube.  When  an  abnormal  aniount  of  current  (over- 
load) flows  through  the  fu^e  element,  th^  element 
burns  up.  As  the  metal  strip  vaporizes,,  the^ 
filling  compound  acts- to  quench  the  arc. 

The  most  comr^on  cause  of  fuse  failiire  is  an 
overloaded  circuit.  There  are,  however,  other 
causes.  Failure  to  set  the  fuse  into  its  eqtitacts 
properly  whep  installing,  and  even  thp  condi- 
tions of  the  surrounding  air,  can  cause  a  fuse 
to  blow.  Fus^s  are  rated  according  to  the  amount 
of  current  that  can  safely  be  carrfed  bj'  the  met^ 
alloy  fuse  element;  this  current  is  usually  meas- 
ured in  amperes. 

OVERLOAD  RELAVb.— Overload  relays,  like 
fuses,  qct  to  protect  circuits  and  equipment  but 
ii\  a  different  way^  The>  are  designed  to  open  a 
ciicuit  under  short-circuited  or  ovexloaded  eon* 
ditions  without  injuiy  to  themselves.' In  opening 
the  circuit,  these  protective  devices  act  as  relays. 
Oveiload  rjela>s  used  in  gun  power  control  cir- 
cuits, generally  speaking,  fall  into  one  of  two, 


196 


Rir 


Chapter  7-  ELECTRICAL  AND  ELECTRONIC  CIRCUIT  ANALYSIS 


broad:  classes..  They  are  either  of  the  thermal 
overload  type  or  the  magnetic  (dash  pot)  type. 

The  inductive  thermal  overldad  rselay  and  re'set 
assembly  (fig."7-2B)  is  made  up  of  a  pri.mai'y 
current  coil,  a  heater  element  as  a  secondary  * 
cpil,  a^set  of  contacts  operated  .by  the  heater, 
.and  a  reset  relay.  When  the  bii^cuit»  is  energized, 
current  passes  through  the  jprrmary  coil  .  By 
inductive  action,  this  current  is  induced  into  the 
heater  element.  If  an  overload  occurs,  excessive 
ctirrent  in  the  heater  element*  will  cause  it  to 
deflect.  This  rotates  the  lower  end  of  the  assembly, 
releasing  a.  latch  which  normally  holds  the  contacts 
closed.  Opening  the^contacts  opens  the  circuit. 
The  overload  re? ay  can  be  reset  a  push- 
button whfch  will  energize  a  reset  relay  coil. 
When  this  coil  is  energized,  it  actuates  a  reset 
push  ro'd  and  pulls  the  contacts  clo^ed^ 

In  ^extreme  emergencies  the  contacts  of  the 
overload  relay  can  be  kept  closed  by  action  of. 
the  reset  circuit  although  an  overload  exists. 
Operating  power  drives  by  this  method  (holding 
the  RESET  EMER  RUN  button  down  on  the  mount) 
bypasses  the^rotective  functfohs.of  the^overlpad 
relays  andtnay  result  in  damage  to  th'e  equipment.* 
For  this  reason,  the  cause  of  the  overload  should 
be  investigated  and  corrected  before  attempting 
to  resu^me  norihal  power  operation.         ,  i 

The  magnetic  qyerload  relay  Serves  the  same 
purpose  of  protecting  the  equipment  from  damage 
in  the  event  of  an  electrical  overload.  This  type 
of  r^lay  consists  of  a  cQil,  an  iron  plunger,  and 
contacts  operated  by  the  plunger.  When  installed, 
the  operating  coil  is  cohxiected  in  series  with.the 
protected  circuit.  Normal  curj:ent  ^through  the 
coil  will  ^ot  cause  the  relay  to  operate.  If  an 
overldad  occurs,  the  Increased  current  will  cause' 
the  flux  of  the  relay^  coil  to  become  large  enough 
to  lift  the  plunger  up  into  the  center  of  the  coil^ 
This  causes  the  contacts  to  open,^and disconnect^ 
the  equipment  from  the  circuit. 

♦  > 

Relays*  '  *         '  \  , 

According  to  their  application,  relays  can 
isolate,  integrate^  interrupt,  or  delay  current 
flow  in  a  ci'ccult/  Because  of  their  wide  and 
,  varied  use,  it  is  impossible  to  firmly  type  them. 
They  can  rightfully  be  called  switches,  protective 
devices,  line  contactors,  etc.,  depending,  upon 
theiV^function.  .       ^  \] 

Fhe  type  studied  here- is  the  power!  control 
relay  (fig.  7-5).  Thesg  are^^  simple  devices  cokj^ 
sisting  of  a  coil,  a  plunder,''  and  contacts  which 
make  or  break  the  circuit,  depending  on  the  action 
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Figure  T^c* -Control  relays. 
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of  the  plunger.  From  the  illustration  you  can 
see  tl^t  a  relativ^cly  small  current  thro^ugh  the 
coil  will  contrpl  the  passage  of  a  much  larger 
current  throufgh  the  contacts.  In  the  deenergized 
position,  current  flow  is  stopped  at  contacts.  1 
and  2.  Contact  3,  however,  is  closed;  ancJ  current 
is  allowe^d  to  pass  through  the  bottom  circuit. 
When  the  coil  is  energized,  the  plunger  is  lifted, 
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contacts  1  and  2  close,  completing  tlteir  circuits, 
and  contact  3  opens. 

The  time  delay  relay  acts  in  much  the  same  Way 
except  there  is  a  delay  between"  energizing  the 
coil  and  lifting  the  plunger.  It  is  particularly 
useful  in  circuits  where  two  large  dtive  motors 
are  energized  by  a  single  start  button.  The  idea 
is  to'  prevent  both  v  motors  from  starting -at 
the  same  time  and  resulting^  in  large  surges 
of  current  flowing  in  th^  circuits.  By  placing  one 
motor  in  the  start  circuit  with  a  conventional 
control  relay  and  the  other  motor  with  a  tinie  delay 
relay,  initial  starting  currents  are  staggered. 

The  time  delay  relay  used  most  often,  in  gun 
power ,  drives  is  the  bellows,  slow  make,  fast 
break  type.  Energizing  the  co^l  of  the  relay 
causes  the  plunger  to  be  attracted  upward;  The, 
plunger  is  attached  to  a  metal  bellows  and  its 
upward  movement  is  slowed.  As  the  .bellows  is 
compressed,  the  trapped  air  must  escape  p&st  a 
needle  valve •  By  adjusting  the  needle  valve,  the 
contacts  of  the  relay  can  be  made  to  open  (or 
close)  after  a 'selected  intefrval  of  time.  De-- 
energizing  the  coil  of  the  relay  allows  a  spring 
to  return  the  plunger  rapidly  to  its  deenergized 
position.         •  '  '  ^ 

Another  type  delay  relay  is  the  fast  make, 
slow  brake.  When  energizing  the  coil,  the  plunger 
activates  the  contacts  rapidly.  \Vhendeenergizing 
the  coil,  the  plunger  letuins  to  the  dfeenergiz^d 
pu&ition  bluvvl>  b>  poitiiig  an  thiough  a  needle  * 
valve  • 

Switches 

* 

A  switch  is  used  to  complete,  interrupt,  or 
change  connections  in  a  circuit  under  load  con- 
ditions. 

The  pushbutton  switch  is  often  used  to  start 
and  stop  electric  drive  .motors.  The  button  and 
its  contact  is*  spring  loaded  to  either 'a  normally 
open  or  closed  position  according  to  its  use  in 
the  circuit.  A  simplq  pushbutton  diagran^  is 
shown  m  figure  7-4/\.  Pushing  the  START  button 
will  coniplete  the  circuit.  Pressing  the  normally, 
close  STOP  button  opens  the  circuit.  The  dotted 
line  indicates  a  third  circuit  which  is  sometimes 
present  in  power  drive  pushbutton  stations.  In 
this  case  the  START  button,  in  addition  to  starting 
the  ^power  drive,  is  also  used  to  energize  the  ^ 
overload  ♦  relay  reset  coils.  Such  a  pushbutton 
station  is  labeled  ST  A  RT^ETm  ER-  RUN .  ! 

A  type  *J**  niultiplef  rotary  switch  is  shown  in 
figure  7-4B.  This,  switch  contains  a  number  of 
rotors  (the  movJ:ible  contacts)  and  a  number  of 
Xiancake^ctionss. (stationary  contacts).  The  num- 
ber of   sections  required  in  the    switch  is 
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Figure  7-4.  — Switc^s  — A.  Pushbutton  type.  B. 
Multiple  rotary  switch.  C.  Micro  switch. 

determined  by  the  individual  application.  A  shaft 
with  an  operating  handle  extends  thipugh  the  center  ^ 
of  the  rotors.  In  the  particular  **J''  type  multiple  * 
rotary  switch  action  shown  (2JH),  there  are  eight 
^  stationary^  contacts  (A  through  H)  and  a  rotor 
having  two.  movable  contacts  180**  apart.  Each 
Diovable  contact  bridges  two  adjacent  stationary 
contacts.  As  shown,  the  rotor  contacts  segments' 
A-H  and  E-D.  By  moving  the  rotor  clockwise  on^ 
position,  segments  A-B  ^and  F-E  are  connected. 

The  most  common  type  of  interlock  switch 
IS  the  sensitive  switch.  There  are'v^a^j^ious  kinds 
of  sensitive  switches  with  diffei.ent  means  of 
actuation.  These  are  small,  short-travelling, 
snap-action  switches  shown  in  figure  7-4C.  Thoy 
are  manufactured  as  normally  open,  noinially 
closed,  and  double  throw.' The  latter  has  no  Of 
position.  The  Microswitch  is  frequently  used , 
in  referring  to  this^  type  of  switch.  The  term 
MICRO  is  a  trade  name  for  the  switches  niade 
by  -the  Alicro  Switch  DiviMon  of  Minneapolis 
Honeywell  Regulator  Company.  Many  othei  com- 
panies also  manfacture  sensitlv«^  switches*  so 
MIGd^O  is  not  the  tiue  uu^ui^  of  all  sensitive 
switches.  The  principal  advantage  of  this  switch 
is  its  ability  to  be  upeneid  ui  closed  by  very  syiioll . 
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movements  of  its  push-button.  Because  of  thi^ 
abilto,  it  IS  ifeed  e;ctensively  as  a  safety;  inter- 
locks These  switches,  for  example,  are  used 
thro\xghout  the  3'V  50  RF/loading  ciicuit.  They 
ar^  actuated  by  their  individual  linkages  to  assure 
that  the  breechblock  is»  folly  down,  the  bore  is 
Qlear,  etc.^  before  a  loading  dycle  can  be  ini- 
tiated.       ;  . 

By  chajiging  the  wiring  conn^tions,  these 
switches  can»  be  made  to  be  normally  open  or 
normally  closed.  So  ^ou  shoidd  be  careful  when 
placing  a  new  se^nsitive  switch  in  a- circuit  or 
— iring  an  old  one,      ^    '  .  * 

*■  '  ^   ^  .> 

A  CIRCUIT 

>  ^ 
In  this  section       build  a  complete  circuit, 
lising  most  of  the  basic  elements  just  discussed, 
5n  thvSi  way,  you  can  see  how  a  circuit  which  looks 
fairly  complicated  "at  first  glance,  actually  is 
^  madp  uj)  of  individual,  onerfunction,  circuits. 
'-The^e  shialler  circuits  are  made  up  of  just  one 
^^dj   two  simple  devices  (and  their  associated 
^^!|ring)  ,^d  do  just  one  job.  When  properly  con- 
riegre^  to.  other  one-function  circuits;  they  can  act 
awCTWL^t^^ally  to  start  or  stop  current  flc^w  in  a 
circmlLpombine  or  divide  these  circuits,  and  act 
as  safe^  devices  to  prdtect  equipment  and  per- 
sopnel.     ^         ,  •       _  . 

'The  circuit  we  design  here  is  a  power  control 
.  cir^it.  Its*  job  IS  to  connect  and  j/^gu^ate  a 
ship's  440-volt  supply  fo  .a  gun  p6wer  drive.  In 
figure  7-5A*  you  ca;),  see  that  440  volts  is  con^ 
nected  directly  to  the  txain  and  elevation  motors. 
This  is  good  as  far  as  it  goes,  but  unless  w^  have 
some  way  to  interrupt  this  circuit,  our  motors 
will  nm  eontinuously  ..as  long  as  the  ship's  gen- 
erators are  lit  off.  This  means  24  hours  a  day. 

Lopk  now  at  figufe  7-5B.  can'see^lhat  a 
line  cbntjictQr  has  been  plaped  in  the  line  ^between 
the  spj)]^y  and  the  strain  mo  tor-.. Its  contacts  are 
in  the  ffl)en  position.  Right  above  the  r.elay,  coil 
of  the.xTine.  oontact9r  you  can'  see^a  ste^down 
transformer  which  J^^as  tapped  valtage  from  4iie 
high*  voltage'  feuppjy  ancj  has  reduced  it  ^o  115 
volts  .on  it^  secondary  windings.  If  you  trax^e  the 
output^  of  this  transformer,  you  see  that  it  goes 
down  through  a  simple  START  buttoi)  (spring 
.  loaded  to  the 'open  position),  back,up  through  the 
relay,  coil  of  the*  line  contacWr  RTl  and^then 
connects  to  the  transformer  completing  th^  cir- 
cuit. Now,  when  you ]|||^ssthestart button,  current, 
flo^s  through  the  &Jar|  circuit  energizing  rela> 
RTl.  The  relay's  magnetic  flux  pulls  the  plunger 
up,  and  the  four  contacts  close,  /agplyiiig  440 
volts  to  the  niotorl  The  voltage  is  lost,  howevei. 


if  the?  start  button  is  released;  because  releasing 
the  button  breaks  the  start  ci;:cuit  to  tjie  coil 
of  reiay  RTl  and  its  coi¥tacts*"drop  out,  opening 
the  440-volt  circuits.  Sifice  it  \Vould  be  a  waste 
of  manpoweV  to  assign  a  member  of  the  gun 
crew  to  hold  this' button  down  all  the  time,  let's 
^aSd  an'other  ci|iciuit  to  dQ  thg  job  for  us. 

Notice  thy  circuit  ^hafek|PS  oflthe  115-volt 
start  circuit.  It   Z^^ljtUS^^^  through  the 
lower  (fourth)  contact ^HBjH||^'e  will  call  this 
th^  RUN  (holding)  cir^^^W^SSiise  it  will  permit 
current  tojfl^^t  throiigh  gOil  Rf  1  when  the  START 
'  batton  is  Released.  How?  Let's  go  back  a  minute. 
When  you,  pressed  the  START  button,  current 
flowe^d  not  only  through  the  circuit  to  relay  coil 
.RTl,"bUt  also  down  through  the  RUN  circuit  to  its 
lowest  contact.  Of  course,  at  thfs  particular 
;  instant  it  cOuld  go  no  further.  V^lien  the  line 
contactor  RTl  lifted,  however,  it  also  closed  it§ 
lowest  contact.  This  completes  the  circuit.  More 
'important,   it  provides   an  ^alternate  path  for 
*  Current  to  energize  relay  coil  RTl.  Now  even 
though  the  START  button  is  lifted,  current  through 
the  run  circuit  will  keep  RTl  energized  and  its 
contacts  closed.  , 

t'he'rfext  additions  to  our  circuit  are  pix)tec- 
tive  devices.  Figure  7-5C  shows  an  overload 
jela)w>ang'  its  associated  reset-emergency-run 
•cuiti'  and  interlocks,  which  in  this  case  are  two 
insitive  switohes.  The  overload  relay  is  the 
inductive  thermal  type.  When  an  overload  occurs, 
the  relay  trips  and  opens  the  440-volt  circuit 
to  the  amplidynes.  They  .can  be  picked  up  stgain 
(reset)  bj^  pushing  the  RESET  EMER  RUN  button. 
This  button,  when  pushed,  completes  a  circuit 
to  the  coil  of  tjie  relay,  pulling  its  contacts 
closed.  In  emergency,  this  procedure  can  be  used 
although  an  overload  exists.  Because  it  bypasses 
the  safety  feature  of  the  relay,  however,  this  should  ^ 
only  be  ddne  in  emergency,  .and  then,  only 
sparingly.    .      ,     ^  '       .  ' 

I  *  Now  for  the  sensitive  switth interlocks.  Thpse 
switches  are  in  the  stai't  circuit  and  will  prevent 
current  .flow  in  this  circuj^ unless  they  are- 
.closed.  A  practical  application  of  these  switches 
♦wpuld  be  to. connect  them  by  linkclge  to  train  and 
elevation  centering  pins.  By  arranging  the  link- 
age and*  the  internal  circuitry  "of  the  switeh 
a  certain  way,  the, switches  act  to  open  the  start 
circuit  when  the  centering  pins .  are.  ,ih..  This 
prevents  starting  the  poWer  drive  and  attenipting 
to.  train  or  elevate  the  gun  while  it' is  locked 
into,  its  stowed  position  by  the  centering  pins. 

So  far  we  have*  ignored  the  circuit  to  the 
elevation  motor  because,  with  one  exception,  the 
elevation  i:ircuit  has  the  same  components,  and 
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Figure  7-5.— Power  control  circuits  for  aniplidyne  typ;p  power  drive. 
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works  the  same  way  as  the  train  circuit.  Both 
circuitb  are  suppliedv  froni  the  sanie  440-volt 
supply;  the  start  and  run  circuits  and  interlocks 
are  conmion  to  both  tram  and  elevation;  and  the 
overload  rela>-&  are  identical  in  construction  and 
purpose.  ,The  onl^  real  difference  between  the 
train  and  elevation  circuits  is  th^t  the  latter 
has  a  time  delay  relay  RK2  in  it. 

In  figure  7-5D,  you  can  see  Une  contactor  REl, 
which  acts  to  complete  the  440- voU  ship's  £uppl> 
to  the  elevation  niotor  in  the  sani^  manner  as  RTl' 
did  for  train.  You  'can  see,  however,  that  for 
the  relay  to  be  ener^zed,  the  contact  of  the 
time  delay  relay  must  be  closed. 

The  cirguit  works  like  this;  ,  ^ 

When  the  blART  button  i^  pressed,  the-  coil  of 
RIl  and  the  coil  of  the  time  dela>  relay  are  both 
energized.  (We  will  consider  that  the  run  cir- 
cuit completes  the  alternate  path  for  both  relays 
and  that  the  blAKr  button  can  be  ^release^i). 
Current  passes  to  trie  trmnniotor,>vhich'buildsup 
to  operating  speed.  The  tinie  delay  i:elay  is 
the  bellows  type,  set  at  8  seconds.  Eight  seconds' 
after  the  start  button  is  pushed,  the  time  delay* 
relay  has  pulled  its  plunger  up  into  the  coil. 
*Its  contact  closes,  conipl^ting  the  circuit  through 
coU  REl.  When  REl  lifts,  its  contacts  close, 
sending  440  volts. to  the  elevation  motor.  The 
purpo^  of  the  time  delay  relay  is  to  stagger 
Ihe  large  starting  currents  through  the  circuit 
and  prevent  an  overload.  It  allows  the  train 
motor  tinie  tp  wind  up  be!ore  the  elevation  motor 
starts^  '  - 

The  renmimng  ^lenients  in  the  circuit  are  the 
circuit  'breaker,'  fuses  and  the  STOP  button. 
In  normal  operation  the  circuit  breaker  is  closed, 
supplying  our  circuit  with  440  Volts.  It  can  be 
opened  by  hand,  securing  the  power,  while  repairs 
are  being  made.  ^ 

The  fuses  are  in  all  three  phase  circuits. 
Thei  r  pu  rpose  and  action  have  already  been  shown. 
The  blOP  button  is  spring  ioadetl  to  the  closed 
position.  In  niDst  cases  this  button  will  affect 
both  the  start  and  run  circuits.  When  ypu  press 
.the  button,  both  circuits  are  opened  and  the  relays 
drop  out,  .  .    '     '  -         J  * 

Causes  Of  Circuit  Failures'/ 

The  failure  of  a  circuit  to  function  properly 
usually  is  caused  by  a  break  in  the  circuit 
(open),^  a  grounded  circuit  (this  permits  an 
undesired  path  of  current  return  to  the'soatce), 
or  a  short  circuit  (a  circuit  that  perniits  current 
to  bypass  a  part  of  the  cirduitj. 


Any  of  these*  faults  affects  the  current  and  ^ 
voltage  values  and  "causes  the  circuit'to  function 
improperly. 

#  -Open  circuits  may  result  from^dirty  or  loose 
connections,  improperly  installed  wira,  mechan- 
ipal  damfage,  faulty  installation  or  repair,  and 

,vibra,tion.  If  connections  are  clean  and  tight,  , 
no  resistance  is  added  to  the  circuit. 

Short-circuits  are  low-resistance  paths  or 

^shortcuts  that  cause  the  current  to  bypass  the 
load.  The  current  from  the  source  passes  through 
the  **short"  instead  of  the  load,  causing  the  load^ 
to  function  improperly.  Most  shorts  are  ac- 
cidental. They  occur  when  vibration  wears  away 

'the  insulation,  when  salt  water  gets  into  con- 
nection boxes,  when  heat  melts  away  insulation,  ^ 
and  when  carelessness  brings  two  condwctors 
together.     '  •        ^  ^ 

/  A  grounded  circuit  is  one  in  which  one  side 
of  thepathisconnedtedto  ground  either  intention- 
ally or  accidentally.  An  intentionally  grounded 
circuit  us^s  a  ground  which'is  the  ship's  hull, 
equipment  chassis,  etc.,  a^  Qne  side  of  the  linQ 
or  one  conductor.  ^ If  the  ''hs^  side"  conductor 
of  a  grounded  sourcp  touches  ground  accidentally, 
^  shof t  circuit  results.  Power  circuits^  in  the 
I^avy  are  not  grounded  and  must  be  insulated  from 
ground  at  all  t\mes.  One  side  of  this  circuit 
niay  be  grounded  accidentally,  and  no  harm*  will 
Tesult,  but  if  both  sides  are  grounded,  a  'short 
circuit  iS"  the  result.  An  ungrouncled  circuit  has 
a  safety  feature.  If  anyone  acdidentsClly  'touches  , 
one  side  of  an  ungrounded  circuit,  there  will  be 
no  path  for  current  flow  through  his  body  to  the 
other  side  of  the  source.  This  is  one  "reason 
why  power  circuits  in  the  Navy  are  insulated 
frorrrgrbund. 

i 

.  Types  of  Circuit  Checks, 

^,There  are  three  basic  circuit -checks"  used  to 
locate,  shdrts,  ^ri^Junds,  and  open  circuits  within 
electric  and  electronic  equipment.         =  * 


1.  Voltage  (volt)  chacks- 

2.  Current  (amperes)  checks 
.  3.  Resistance  (ohms)  checks 

V61tag6  checks  reveal  tfie  amount  of  pptential 
force  present  to  move  electrons  in  a  circuit. 

Current  checks  ,ghow  the  ,actual  amount  of 
electron  flow  through  the  circuit.         ^  , 

Resistance  checks  tell  thfe  resistance  charac- 
teristijcs  of  the^ircuit,  tbat  is,  how  much  op-  * 
position'  the  circuit  pffers  to  the  flow  of  electrons. 
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With  the  proper  use  of  test  equipment,  failures 

in  electric  and  electronic  circuits  can  bjs  detected 

and  isolated  to  specifig  components  by'using  one 

of  these  Uiree  cheeks. 

Since  volts,  amperes  and  ohms  are  units  of. 

electrical  niQasure,  (Ohms  Law  e;q)lained  in  Basic 

Electricity),  some  measuring  device  must  be  used 

to  measure  them.  One  device  used  for  this  purpose 

is  the  multimeter. 
*• 

CIRCUIT  TESTING 

A  multimeter  is  a  testing  device  which  mea- 
sures e|ther  a.c.  or  d.c.  voltage,  current  (anips) 
or  resistance  (ohms).  A  multimeter  converts 
electrical  energy  into  mechanical  'mojion.  The 
mechanical  motion  positions  a  pointer'  (called a 
needle)  on  a  scale  located  on  the^  face  of  the 
meter.  The  scale  indicates  the  number  of  the 
units  being  measured.  ^  ^ 
*■  Figure  7-6^  shows  the  front  view  (face)  of  a 
multimeter,  which  contains  all  the  controls 
necessary  for  operating  the  meter.  There  are 
three  major  controls  which  function  as  follows. 

A  10-positioi^'  rotaj^  switch,  locfated  in  the 
lower  left  hana  corner  of  the  met^/^  is  used  both 
as  a  function  switch  and  a  resistance  range 
selector,  ((i)  in  fig.  7-6)J  Five  of  these  positions 
.  set  up  ohmmeter  (resistance)  checks.  In  any  of 
these  positions  the  switch  also  acts  as  a  range 
selector. 

The  eight-position  switch(2)in  the  lower  right 
hand  corner  selects  rangesof  current  and  voltage. 

T^  zero-ohms  control  knob(3)is  used  to' 
adjust  meter  circuit  sensitivity  to  compensate  for 
battery  aging  in  the  multimeter's  0*f cuits.  It 
also  is  used  to.  set  the  pointer  (needle)  at  full 
scale  deflection  to  the  right,  to  indicate  zero 
ohms  when  the  function  switch  is'!5et»a^  any 
resistance  ij'ange  position,  a^d  test  leads  are 
shorted  together, (4), (s),  and(6)in  fig.  7-6. 

Six  meter  jacEs  are  arranged  in  two  rows 
of  thfee  on  the  face  of  a  multimeter.  Following 
is  a  list  of  the  jacks  and  their  functions. 

The  common  Jack(7)upper  left  hand  comer 
accomodates  tfie  negative  (black)  tast  lead.  This 
jack  and  its  associated  test  leads  are  used  in 
all  circuit  tests. 

Xhe  tv  ohms  jack(8),  center  jack  upper  left, 
accomodates  the  pjbsitive  (red),  test  lead  'for 
measuring  voltage  and  current  values  of  500  volts 
and  1  ampere  or  less,  as  selected  by  the  voltage 
and  current  range  selec.tor  switch.  This  positive 
jack  al&o  is  used  for  measuring  circuit  continuity 
or  for  measuring  resistance  of  a  circuit  or 
circuit  component* 


The  tlO  ampere  jack(9)  accoihniodates  the 
positive  teat  lead  for  measuring  current  between  1 
and  10  amperes.' 

The  lOOO  VAC  jack  ^  ,  upper  right  hand 
corner,  accommodates  the  positive  Jest  lead'for 
measuring  a-c  voltages  between  500  and  1000 
volts.  '  * 

The  1000  VDC  jack@  accommodates  the 
positive*^ test  lead  |or  measuring ',d-XJ  vpltages 
between  500  to  lOOO  Vo;ts..  , 

The  +5000  VDC  multiplier  j^ck  accommo- 
dates a  special  test  i§ad  with  a  built  in  re- 
sistance smd  is  used  with  the  common  jadk  to 
measure  d-c  voltages  between.lOOO  to  5000  volts. 

The  scale  located  at  the  uj^  of  the  meter  is 
used  to  read  the  value  of  the  quantity  under  test. 
On  this  meter  four  separate  scales  are  provided, 
one  for  resistance  (ohmS),  one^or  d.c.  voltage 
and  current,  and  two  for  a.c.  voltage.  This  type 
of  meter  cannot  measure  sLCh  current.  Once  the 
meter  is  connected, to  the  circuit  under  test *the 
value  of  the  tested  qusmtity  is  read  on  th^  appro-.* 
priatfc  scale.  Switches(l)and(2)determinq  which 
scale  is  read.  For  example,  if  the  meter  is 
set  up  for  resistance  tests,  the  ohms  scale  is 
read  ^uid  then  multiplied  by  the  value  shown  on  Jthe 
setting  of  switch(T) .  I^  the  .scale  reads  22  and 
switch(l)is  in  the  RXlOO  position,  the  ^ctual 
value  of  resistance,  in  vthe  circuit  under  test 
is  22  X  loo  -  2ajjif  ohms.  , 

Switch  (2)is  .used  when  voltage, and  current 
checks  ,  are ^  to  be  made.  If  current  is  to  be 
measured  switch,  1  is  placed  in  the  AMPS,  ^L\, 
uA  position  (11  o'clock  position).  The  range  of 
current  to  be  measured  is  selected  by  swijtch(2) 
^Assuming  switch  (i)  is^lh  the  10  MA, 
position  and  switch  (ij  IstK-  the  DC  AMPS, 
MA,  M  A  'position,  d.c.  current  is  read  on  the 
d-c  scale  ^ith  full  scale  deflection  (the  pointer 
is  ,all  the  way  to  the  right)  being  equal  to  lOMA. 

Before  taking  up  the  use  of  the  meter,  we  will 
explp,n  in  detail  the  meaning  of  graduation^onthe 
dial.  ^ 

^  The  first  time  you  look  at  the  face  of  the  "meter, 
you  may  think  the  meter  is  ^complicated  and 
difficult  to  read.  As  a  matter  of  fact,  ^t  is  no 
more  difficult  to  read  a  meter  thc^n  it  is  to  tell 
time  on  a  clock.  Of  Qourse,  a  meter  may  be 
something  new  to  you,  and  it  will  take  some 
practice  to  learn  how  .to  read  it' quickly.  How- 
ever, /t  will  not  be  long  before  you  will  be  able 
to  read  the  meter  scales  at  a  gl^ce. 

Beginning  with  the  bottom  sc^e  (2.5VAC  only) 
(fig.  7-6),  you  can  see  the  ecalh  is  marked  0,  .5, 
1.0,  1.5,  2.0,  and  2.5.  Each  graduation  between 
tijese  numbers  is  equivalent  to  .1  volt.  Only  a.c. 
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,  Figure  7-6,  — .\N/PSM-4A  multimeter  (front  view). 
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voltage  under  2.5  volts  can  be  measured  on  this 
scale.  To  measure  voltage  on  this  scale,  the 
voltage  check  sw  i tch(l)  i s  set  on  V  and  the  range 
select  switch(2)is  set  on  2.5v/100^.  If,v  fpr 
example,  after  placing  the  test  leads  on  the  points 
.to  be  tested,  the  needle  on  the  dial  pointed  to  the 
third  graduation  to  the  right  of  1.0,  your  reading 
would  be  1^3  volts.  .  o.  \ 

^  The  AC  scale,  located  just  above  the  2.5v  scale,' 
.  h^s  three  scales  fro.m  which  Voltage  can  be  read 
in  the  range  from  0  volts  to  500  volts.  The  bottom 
set  of  reading  are  mai*ked  0,  2,  4,  6,  8,  and  10. 
On  this  scale,  measurements  can  be  readfi:om  0  \o 
10  volts  and  0  to  100  volts.  The  voltage  ^check 
switch® is  set  on  ACV  ai\d  the  ^ange  select 
switch^is  set  on  10v/5MA  to  read  direct  on 
the  0  to  10  volt  scal*e.  Each  Increment  between 
the  numbers  on  the  0  to  10  volt  scale  is  equivalent 
to  .2  volt.  If,  for  example,  the  needle  on  the  dial 
pointed  to  the  st/venth  graduation  to  the  right  of 
4,  the  actual  reading  woiild  be  5.4  volts. 
^  To  measure  Voltage  of  less  than  100  volts, 
^,  you  read'  the  ^ame  scaie  as  the  0  to  10  volt, 
however,  you  add  fi  zer.o  to  each  reading.  For* 
example,  2  becomes  20,  4  beconies  40,  etc.  In 
this  case^the  increments  on  the  scale  between 
numbers  .are  eqyal  ta  2  volts.  Switch(T)is  set  on 
•ACV  and  switch  0  is  set  on  lOOv/lOOMA.  If 
the  dial  needle  pointed  at  three  graduations  to  the 
right  of  4,  the  reading  would  be  46  volts. 

The  next  set  of  numbers  above  the  1  to  lOv 
scale  is  marked  from '0  to  50.  On  this  scale, 
"measurements  of  less  than  500  volts  cai^bel'ead. 
^*To  read  voltages  of  less  than  5  volts,  a  zero 
is  dropped  from  each  piark.  Example,  ^0  becomes 
1,  20  becomes  2,  etc.  and  the  scale  is  read  direct 
with  each  increment  between  numbers  being  equi- 
valent to  .1  volt.  Switch(l)is  set  ACV  and  switch 
(2)is  set  on  5v/lMA  for  this  reading.  If  the  dial 
needle  pointed  to  eight  graduations  to  the  right 
of  20,  the  reading  woulc^  be  2.8  volts.  Remember, 
we  drop  the  zero  on  this  scale.  . 

To  read  voltages  of  less  than  50,  we  set  switch 
(i)on  ACV  and  switch(2)on  50v/'50MA  and  read  the 
0  to  50  scale.  We  read  the  scale  direct  in  that 
each  increment  between  nun»bers  is  equal  to  1  volt. 

f^adings  of  less  than  500  volts  can  be  read 
from  the  0  to  50  volt  scale. In  this  case,  however, 
we  add  a  ^ro  to  each  reading.  The  graduation^ 
between  nunibers  is  equal  to  10  volts  wheniead 
on  this  scale.  Switch(i)is  set  on  AC\  and  switch 
2'  IS  set  on  5p0v/1000MA,  10  AMPS.  If,  for  ex- 
EHiple,  the  dial  needle  pointed  at  five  graduations 
to  the  right  of  20,  the  reading  would  indicate  250 
volts*  Remember,  we  add  a  zero  to  each  reading. 


The  scale  just  above  the  line  ori  the  AC  scale 
IS,  used  to  take  readings  of  0  to  25  volts  and  0 
to  250  volts.  To  take  leadings  of  0  to  25  volts, 
switch(T)is  set  in  the  ACV  position,  switQli(2) 
IS  set  on  25V/'10^IA.  Each  giaduation  Ixitwee^n  tEe 
numbers  equals  ^5  volt.  Here  again,  wemustdrop 
a  zero  to  obtain  the  correct  reading.  Thus,  if 
the  needle  on  the  dial  pointed  to  five  graduations 
to  the  right  of  the  nuniber  100  we  would  have  a 
reading  of  12.5  volts. 

To  take  readings  in  the  0  to  250  volt  range, 
the  scale  is  read  direct  \vith  each  graduation 
between  the  nuriibeis  be ingequ alto 5 volts. b\v itch 
@issetonACVand  switcli^is  set  on  2.30  \/. "300  MA: 

The  numbers  and  graduations  on  the  DC  scale 
are  identical  to  those  on  the  AC  scale  so  will 
not  be  discussed.  The  difference  mtakmg  leadings 
is  the  positioning  of  switches(l)and(2). 

^;qjlanation  of  the  ohniS  scale  was  covered 
earlier.and  will  not      repeated.  ^ 

For  voltage  checks  switch(r)is  placed  m  one 
of  three  positions;  ACV  (a-c volts),  DC V  DIIIECT, 
or  DCV  REVERSE.  The  diieet-ieverse  feature 
allows  either  positive  or  negative  d-e  voltage  to 
be  read  without  reversing  tlie  leads.  If  &witch(T) 
is  in  the  ACV  position  and  switch(2)m  the  lOOv/ 
lOOMA  position,  the  ine^  is  set  to  lead  a-c 
voltage  of  less  than  100  volts. 

There  are  nian>  types  of  multimeters  found 
aboard  ship  and  the  one  you  use  may  not  have 
the  same  features  as  the  AN/PS.M-4A/However5 
the  general  operation  will  Ixj  the  same*  If  possi- 
ble, always  consult  the  operating  instructions 
before  using  an  unfamiliar  meter.  If  you  cannot 
obtain  the  operating  instructions,  rofid  the  face 
of  the  meter  carefully  and  you  should  be  able 
to  determine  how  each  control  is  to  used. 

> 

Using  A  Multimeter 

Knowing  how  to  use  a  meter  is  of  little  bQl'p 
if  you  cannot  det<?i'mine  how  a  circuit  should  w'ork 
under  noriiial  conditions.  The  ^fact  that  ^an> 
electric  niOtor  should  start  when  you  push  a  start 
button  is  not  enough.  You  must  be  able  to  tell 
,  what  each  individual  coi^ipunent  within  anelettric 
circuit  should  be  doing  and  deteiniine  whether 
it  is  doing  it  corre^stly. 

Most  of  the  elec^trieal  sehen*atics found  mOPs 
ideritif>  by  lettexs  ^d  nunileis  the  coniponeots 
of  each  electrical^  cireuit.  These  letter^  and 
nuiiibers  differ  with^each  gUn  system.  To  check 
the  electrical  circuits  uf  a  weapon  system,  a 
thuiuugh  knowledge  of  electiical  cable  desig- 
nations and  coniponeni  and  eciuipnient  functions  is 
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required.  In  figure  7-7 A  we  have  a  t>pical  start 
circuit  for  an  electric  motor.  This  circuit  te 
almost  the  same  circuit  as  that  shown  In  figure 
7-5.  The  major  differences  tjetween  these  two 
circuits  are  the  way  they  are  illustrated  and  the 
addition  of  indicating  lights  which  help  isolate 
component  failures  and  pinpoint  circuit  mal- 
functions. 

In  most  new  OPs  the  type  of  electrical  sche- 
matic shown  in  figure  7-7 A  is  used  and  is  called 
a  straight  line  schematic.  This  schematic,  in 
addition  to  showing  an  electrical  circuit,  usually 
contains  a  legend  list  Which  identifies  each 
circuit  component  and  explains  their  purposes 
(fig.  7-7B). 

To  show  how  indicating  lights  help  us  trouble 
shoot  circuit  failures,  we'll  explain  three  dif- 
ferent types  of  malfunctions  that  could  happen  to 
a  motor  start  circuit: 


1.  Blown  fuse  © 

2.  Open  or  shorted  transformer 

3.  Open  control  circuit 

Where  indicating  lights  point  out  circuit  fail- 
ures, some  other  type  of  test  equipment  must  be 
employed  to  locate  specific  components  causing 
failures.  A  multimeter  is  used'for  this  purpose. 

The'*fi9ist  steiv'taken  before  operating  any  jelec- 
trical  eqaipmentVis  to  ensure  that  all  circuits 
to  the  electrical  components  are  activated.  First 
we  positin  CB-1  to  the  .ON'  position  (fig.  7-7 A). 
This  connects  the  440  VAC  ship  supply  to  our 
electric  motors  and  also  supplies  115  V'ACjcon- 
trol  voltage  for  the  relay  circuits. 


CHECKING  FOR  A  BLOW  NJj:;SE.  -  With 
CB-1  positioned  at  ON,  the  following  indicating 
lights  should  light:  L-3,  L-4,  L-5,  and  L-6. 
Figure  7-7A  shovvs  how  these  lights  will  light 
and  figure  7-7B  tells  why  Uic  lights  should 
light.  f 
We  no\v  have  activated  the  circuits  for  the  train 
and  elevation  motors.  To  start  the  motors,  we 
must  push  start  switch  SM-1,  this  action  should 
start  both  motors,  but  when  is  depressed 

nothing  happens,  so  we  have  a  problem.  With 
this  type  circuit  the  first  thing  to  lookfor  would  \je 
the  status  of  the  indicating  lights.  For*  st;me 
reason  lights  L-5  and  L^C  are  out.  Wliy?  What 
are  these  lights  telling  us?  Let's  start  with  L-5. 

We  found  from  figure  7-7B  that  L-5  gives  us 
an  indication  that  phase  A  of.  the  440  VAC  power 
supply  is  available  to  our  power  supply  circuit. 
Because  L-5  is  out  we  have  no  phase  A  for  our 


motors  and  no  powex  supply  for  our  step  do\vn 
transformer  TPZ-i.^  . 

Let's  look  at.  figure  7-7A  and  trace  phase  A 
of  the  440  \AC  power  supply.  We  can  see  that 
each  line  of  the  440  VAC  power  supply  is 
labeled  either  A,>  B/  or  C.  By  following  the4ine 
marked  A  from  our  440  VAC  supply  we  come  to 
our  first  component,  which  is  CB-1.  From  our 
knowledge  of  ciicuit  breakers  \ye  know  that  when 
we  position  them  to  ON  all  contacts  of  thje  CB 
make  contact  and,  since  lights  L-3  and  L-4 
are  lit,  we  can  assume  that  CB-1  is  functioning 
properly.  The  next 'component  in  the  phase  A 
hne  is  FZ-1.  Reference  to  figure  7-7B  shows 
us  that  FZ-1  is  a  fuse.  '  . 

We  can  now  assume  that  if  we  change  fuse 
FZ-1  an<^  if  our  circuit  breaker  is  functioning 
properly,  our  circuit  will  be  hack  to  normal.  But 
where  is  P'Z-1  located?- There  are^all  kinds  of 
panels  and  boxes  within  a  system.  How  do  we  find 
the  physical  location  of  electrical  components 
and  how  do  we  fii  d  what  type  and  rating  of  fuse 
to  use? 

Again,  let's  check  figure  7-7B  and  find  FZ-l. 
You  can  see  beside  FZ-1  (Pi) in  parenthesis. 
This   tells  -you  that  fuse  FZ-1  is  located  in 
Panel  PI,  ■  (P  =  panel  and  1  =  panel  no.  1). 

The  fuse  rating  (3  A^IP)  is  found  in  figure 
7-7A  beside  FZ-1.  After  locating  fuse  FZ-1 
in  panel  PI  and  noting  its  size  and  shape,  you 
have  all  the  information  you  need  to  replace 
the  fuse.     »        -  - 

The  main  reason  that  we  did  not  check  the^ 
contacts  of  CB-1  is  that  it  is  -always  safer 
to  check  and  replace  fuses  within  a  system,  than 
to  work  with  a  high  voltage  like  44C 
after  replacing  fuse  FZ-l,  indicating  li 
and  L-6  are  still  out,  then  a  voltage  check 
be  made  of  contactor  CB-1.  For  oui  explanation 
wlien  we  replaced  fuse  FZ-1,  indicating  light  L-5 
lit  but  L-6  Is  still  out,  so  we  still  have  a  problem. 

TRANSFORMER  MALFlIcCTIOK.  -  The  only 
indication  necessary  for  the  proper  activation  of 
our  motor  controller  circuit  is  indicating  light 
L-6.  This  gives  us  fh  indication  that  we  have 
115.  VAC  control  supply  available  to  operate  the 
components  of  the  control  circCiit.  By  looking  at 
figure  7-7A  we, see  that  the  only  components 
Ijetween  light  L-6  and  the  two  phase  output  from 
U^c  '440  VAC  power  supply  are  fuses  FZ-T 
and  FZ-2.and  transformer  TPZ-1.  f 

By  checking  lights  L-4  and  L-5,  which  are  lit, 
we  know  that  CB-1  and  fuses  FZ-l  and  FZ-2 
-are  functioning  properly.  Since  this  leaves  TPZ-1, 


205 


ERLC 


GUNNER'S  MATK  G  3  &  2 


i 

It 


440  VAC 
SHIPS  SUPPLY 

\  B  < 


TP2M 


L-6 


115  VAC 

CONTROL  SUPPLY 


11  ^  HZ  XZ  PIM  BXI4  2  P2-3-I  - 

3-1  — ;0N'  y — ^) — 


F2-l|     F2-2]  F2-3 
3  0     3   pb  3 
AMPbJ  AMPtd  AMP 


HI  XI  PM-6  BXl-4-4 


SM-2 


SIT 


RTl 


8^.33.1 


/ 


I'lguie  Motor  st'irt  ciTcuit. 


we  must  now  assumt  that  our  pioblcm  Ifes  wiUi 
the  transformer^ 

From  your  study  of  trAnsforraers  (Basic 
Elecpicity),  you  should  remember  that  a  trans- 
former is  a  device  with  no  nuvinp  paits  that 
tranbfers  cntrg>  li  nn  Jiic  a-v  ciicuit  to  anothei 
b>  eieuiioijiagiititic  iiiilaction.  Hil  ciitig>  alwavs 
is  ttan&fex led  wiUu'ut  a  ch^ingv  lu  i!equt?ncv, 
but  ubUJii>  theifc  lie  vhangfi»  in  volCage  and 
cuiitjnt.  A  btt|ju|i ti .ih&fo^nit  I  it-ctMCSelcttiical 
energy  at  ont  voltage  and  delivers  it  at  u  highei 


\oltage.  Conversely,  a  step-down  transformer 
receives  energy  at  one  voltage  and  delivers  it 
at  a  lower  voltage, 

A  simple  transformer  consists  of  two  coils 
\er>  close  together,  electrically  insulated  from 
each  other.  The  coil  ta  which  the  a-c  voltage  is 
ipplied  is  called  the  *'pi^mary."  It  generates 
I  magnetic  field  which  tuts  through  the  ,t urns 
o*"  the  other  cojl,  called  the  **seQondtiry,"  and 
generates  a  voltage  in  it.  The^  coils  are  not 
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.Figure  7-7B.^-^^oto^  istart  circuit  Jegend. 
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physically  connected  to  each  other;  they  are  how- 
ever, magneticall>  coupled  to  each  other.  Thus, 
a  transformer  transfers  electrical  powei  from  one 
coil  to  another  by  means  of  an  alternating 
^  magnetic  field. 

Figure  7-7A  shows  that  we  have  vl  220  VAC 
input;  to  the  prim  try  of  transformer  TPZ-1 
and  d  115  VAC  output  from  the  secondary,  this 
makers  TPZ-1  a  step-down  transformer. 

For  safety  reasons  it  is  always  best  to 
work  with  lower  voltages  wherever  possible. 
feey^aUse  the  secondary  of  transformer  TPZ-1 
produces  half  the  voltage  *of  the  primary,  we'll 
work^with  voltages  from  the  secondary  and  not 
the  feigh  voltage  at  the  primary.  The  closest 
•  point?  in  which  to  take  low  voltage  meter  readings 
from  the  secondary  of  TPZ-1  are  points  Pl-1-1 
and  Pl-1-6  (fig.  7-7A). 

The  designations  Pl-1-1  and  Pl-1-B  {fig.7-8A, 
115  \^VC  control  supply)  simply  mean  panel  No.l, 
terminal  ^x?ard  No.  1,  and  terminals  No.  1  and 
No.  6,  respecti\ely.  Another  type  of  designation, 
BXl-4-3,  also  shown  in  figure  7-8A  and  used 
lateyr  in  this  chapter,  means  general  component 
box  No.  1,  terminal  board  No.  4,  terminal  No.  2. 

T^ese  wire  connections  can  Ije  u^ed^as  test 
,  points  to  det^mine  the  area  of  the  motor  start 
^  circuit  that  has  failed.  Also  shown  in  figure  7-8A 
are  wire  designations  WS-lOl  and  \VS-l02.  They 
represent  just  two  wires  of  the  115  VAC  control 
supply  circuit.  The  purpose  of  any  wire  desig- 
nation is  to  identify  each  wire  of  a  unit  or  group 
of  an  entire  system.  In  wire  designation  WS-lOl, 
\VS  nieans  wire  single  conductor,  and  lOl  means 
wire  num'jer  one  of  tlie  power  distribution  group. 
Each  guil  5>stem  OP  contains  a  list  of  all  cable 
and  wire  designations  which  identifies  by  groups 
each,' wire  and  cable  assigned  within  a. group/ 
For  example,  an>  wire  number  from  lOO  through 
199  jould  be  assigned  to  a  gun  system  power 
distriJt)ution  group,  whereas  wires  num^ijered  1000 
through  1999  could  fje  assigned  to  a  gun's  loading 
systeTh. 

Wire  designation  aids  in  installation,  main- 
tenance, and  trouble  shooting.  Each  wire  is 
identified  regardless  of  its  pb>sical  location.  That 
IS,  th^  wire 'carries  the  sam^designationChrOugh- 
out  the  s>stem.  This  m.ikesfor  eas>  identification 
as  shcjwn  in- figure  7-8B.- 

On  mjin>  new  gun  systems  wire  designation 
also  identifies  the  terminal  points  each  wire  is 
connected  to.  For  example  a  wire  could  be 
Identified  b>  \\b-l02,  {BX1-4-4/P2-375).  Looking 
at  figure  7-80,  >ou  see  that  wire  \VS-l02  runs 
from?  connection  box  1*  (BXl)  terminal  rxjard 
4  {TB-4)  terminal  4,  to  panel  2  {P2)  terminal 
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board  9  {TB-3)  terminal  5.  "This  type  of  iden- 
tification also  helps  when  perforrrung  authorized 
changes  to  the  equipment.  By  mat^;hir^  the  wire 
desigfWktipn  to  the  terminal  points  the  wire  is 
connected  to,  you  can  ensure  that  the*  wires./ 
are  connected  to  the  proper  ternq^nals. 

Also^  shown  in  figure  7-8A  are  transformer  * 
terminal  markings  HI,  H2,  XI,  and X2 for  TPZ-1. 
Generally,  the  high  voltage  leads  are  marked  H 
and  the  low  voltage  leads  marked  X.  These 
markings  are  used  when  connecting  a  trans- 
former into  a  circuit. 

Checking  Transformer  Voltage  Output 

The  simplest  way  to  check  the  output  of 
TPZ-1  is  to  take  a  voltage  reading  at  terminal 
points  Pl-1-1  and  Pl-1-6  (fig.  7-8A).  Set  up  a 
multimeter  for  a-c  voltage  readings.  Position 
the  eight  position  swi.tch  ©in  figure  7-6  at 
,500  V  and  switch(^at  ACV.  The  purpose  of' 
setting  swttch(2)at  500  V  is  a  safety  precau- 
tion taken  »which  will  prevent  damage  to  the 
meter  if  ahigh voltage ispresentacrdss terminals 
Pl-1-1  and  Pl-1-6  due  to  component  failure.  ^ 
Since  there  is  220  VAC  present  at  the  primary 
of  TPZ-1,  then  there  is  also'  a  possibility  of 
having  220  on  the  secondary  of  the  transfprmer. 

Caution:  When  taking  any  voltage  readings, 
always  set  the  range  switch (2)at  the  highest 
range  as^a  protection  to  the  meter. 

When  taking  voltage  readings,  be  sure  not  to 
touch  the  metal  parts  of  the  test  leads  when  the 
leads  are  touching,  the  terminal  test  points. 
The  test  i^ads  can  be  applied  to  either  test  point 
because  polarity  of  the  leads  does  not  mattetrwhen% 
taking  a-c  voltage  readings. 

Apply  the  test  leads  ac^ross  the  secondary 
source  of  TPZ-1.  If  any  voltage  is  present  at 
terminal  points  Pl-1-1  and  Pl-1-6, 'the  meter 
pointer  (needle)  will  deflect  to  the  right.  For 
the  purpose  of  explanation,  there  is  no  voltage 
present  afc-these  terminal  points.  % 

CHECKING  FOR  AKOPEN  TRANSFORMER.- 
To  check  out  the  tranjsformer,  first  position 
CB-l  to  ttie  off  posttion  (fig.  7-7 A).  Attach 
a  warriing  tag  to  the  operTfewitch  statir^  that  the 
circuit  was  opened  for  repairs  and  shall  not 
be  closed  except  by  direct  orders  from  the  person 
who  opened  the  switch.  At  PI  panel  remove  fuses 
FZ-l,and  FZ-2.  These  are  safety  precautions 
which  should  be  observed  before  disconnectir^ 
any  wires.  It  is  also  a  good  idea  to  test  a  supposedly 
deenergi^d  circuit. with  a  vo*i.age  tester  before 
comnencing  work  on  a  circuit  even  though  you 
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Figure  7-8.-:- Circuit  abbreviations. 


84.33^ 


remiTved  the  fus^s  from  the  circuil,  these-tests 
are  taken  a't  Pl-3-1  and  Pl-3-6.  Aftt-rtensuring 
^hat  the  circuit  is  deenergized,  disconnect  wires 
X-1  and  X-2  on  tr-ansformer  TPZ-1  from  ter- 
minals Pl-1-1  and  Pl-l-6Jfig.  7-9). 

♦ 

Caution:  Never  use  a  multimeter  as  an  ohm- 
eter  on  an  energized  circuit.  Set  up  the  multi- 
meter to  take  resistance  (ohms)  readingSi -steps 


4,  5,  and  6  in  figure  7-6.  Apply  the  test  leads 
to.  the  disconnected  leads  of .  TPZ-l  as  shown 
in  figure  7-9.  If  the  transformer  secondary, 
leads  are  open,  the  meter  reading  would  in-, 
dicate  maximum  resistance  and  the  pointer  wOula 
remain  at  the  left  side  of  the  meter  (fig.  7-9). 
This  indicates  that  there  is  no  complete  circuit 
throu^  the  secondary  of  .TPZ-l,  or  an  open 
circruit. 
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OPEN 


Figure  7-9.  — Checking  transformer  output; 
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REPLACING  TI^\NSFORMER  TPZ-1.- Be- 
fore a  new  transformer  can  be  connected  into 
a  circuit,  it  'is  necessary  to  know  which  trans- 
former leads  are* primary  und  which  are  second- 
ary. Most  transformers  have  their  terminal  leads 
marked  by  either  numbers,  letters,  or*  <5olor 
coded  wir^. 

If  transformer  leads  are  pot  n[iarked,  .the 
primary  and  secondary  leads  must  be  determi^ied. 
Usually  high  and  low  voltage  leads  aic  brought 
out  on  opposite  sides  of  a  transfoimer  casing 
as  shown  in  figUre  7- 10.  The  process  of  checking 
out  which  leads  are  primary  and  which  are 
secondary  is  called  phasing  out  .the  winqings 
and  is  explained  in  Basic  Electricity. 

The  first  step  to  take  when  connecting  TPZ-1 
into  the  circuit  would  be  to  connect  the  high 
voltage  lead  Hi  to  terminaU.Pl-3-6  and  H 2  lead 
to  terminal  Pl-3-1  as  .shown  in  figure  7-8A. 
-After  the  connections  have  been  made,  activate 
the  power  distribution  circuit  replacing  fuses 
FZ-1  and  rZ-2  and  then  positioning  CB-1  to  OX. 

Set  up  ,a  multimeter  to  take  a-c  volta^ 
readings,  remembering  to  set  the  range  switch 
at  its  highest  range  setting.  Apply  the  test 
lea^s  to  the'  secondary  leads. of -Xl  and  X2 
of  TPZ-l."  The  meter  reads  115  VAC,  this  gives 
us  an  Indication  that  the  transformer  is  func- 
tioning properly.  We  ca^i  now  connect  the  secon- 
dary leads  o^  TPZ-1  into  the  circuit.  ^ 

First  v/e  deencrgize  the  circuit  and  tag  the 
open  switch  of  CB-1.  We  then  ensure  that  the 
circuit  I.  d'  ♦ .  M     ^  d  \jy  taking  voltage  readings 


at  the  secondary  of  TPZ-1,  the  multimeter  should 
read  zero.  Since  the  circuit  is  safe  to  work  on, 
we  can  ,  now  connect  the  secondary  '  leads  Xl 
and  X2  to  terminals  Pl-1-1  ai>d  Pl-1-6,  (fig., 
^_  7-8A). 

Make  sure  that  ?l11  terminal  connections  are 
tight  and  then  energize  the  circuit  by  position- 
ing CB-1  to  ONI  all  goes  well,  indicating 
light  L-6  should  light.  If  for  some  rea^n  L-6 
is  still  out,  the  next  step,  would  be  to  check 
the  light  bulb  for  to  see  if  it  is  burned  but. 
The  easiest  way  to  do  this  would  be  to  replace 
it .  with  a  new  one.  After  replacing  the  bulb 
and  with  L-6  still  out,  we  i:an  make  one  more 
fast  check '  and  that  would  be  .to  try  and  start 
our  motors  by  pressing,  start  s^tch  SM-1. 
If  this  does  not  help,  our  next  step  would  be  to 
analyze  the  circuit  by  tracing  out  its  components. 

:Circuit  Testing 

To  trace  the  circuit  shown  in  figure  7-7A', 
we  must  first  go  over  the  troubleshooting  Steps 
we  have  taken  up  to  th)s  point. 

First  we  found*  that  by  replacing  blown  fuse 
FZ-l,  we  received  all  normal  indications  for 
our  440  \  AC  supply  circuit  to  the  electric  motors.^ 
Second,  when  we  replaced  transformer.,  TPZ-1, 
we  had  11$  VAC  at  the  secondary  of  TP'Z-l 
but.  we  still  did  not  have  an  indication  of  115 
\'AC  supply  available  at  light  L-6.  Both  the  fuse 
.and  transformer  were  causes  of  part  of  our 
circuit'  failure  but  replacing  tiie  light  bulb  at 
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Figure  7-20.  —  Single-phase  traiisforpier  for  Shipboard  use. 


L-6  did  nothing  to  add  to  the  solution  of  our 
problem.  .  • 

L*ooft  at  figure  7-8A,  we  see  that  the  only 
components  btiween  TPZ-1  and  light  L-6  are 
two  wirtb  {\\i>-iOl  anJ  \\.S-IU2)  and  the  teiininal 
txjards  to  which  they  aie  coiuiecled,'  ' 

We  know  that  we  must  have  1 15  \  AC  at  start 
switch  SMl  in  oidei  to  eneigize' train  motor 
contactor*  relay'  RT-1.  The  contacts  of  RT-1 
gomplete  the  iiin  circuit  to  the  traiivmotor  and 
also  complete  the  ciicwit  to, our  elevation  motor 
contactor  relay  RE-1  (fig.  7-7 A). 

Because  we  ha\u  no  indication  at  L-6  that 
we  have,  115  VaC  avaiiaUle  favour  relays,  we 
must  assume  tliat  oui  piobleui  hts  souie where 
between  ti  ani>foiiiiei  f  IV  1  aud  li|^ht  I. -6. 
*  •  •        _  ^ 

POINT  ro  POINJ  MLA.sLUKMLMb.  Look 
at  figU'ie  7-8B,.  thi5  illubtiatlon  sliows  us  how 


point  to^point  voUage  measurements  can  be  made 
using  a  mult|meter.  First  we  ensure  that  ouV 
circuit  is  energized.  We  can  then  atart  checking 
oui  circuit  by  first  locating  tht  neaxebtcomiecHive 
point  from  which  oui  115,  \  Ad  vontiol  supply 
enters  our  I'elay  circuits,  -        '       ,     ^    -  ^ 

We  know  that  the;  115  \AC  suppi}  staiAs  at 
the  '  Secondary  of  ,  FPZ-l.  Look  at  part  /A  of 
figure  7-8.  Start  at  the  secoQdai7  PC)^  side  of 
TPZ-1 .  and  locate  the  first  points  ehown  on 
wires  WS-101 ;  and.  WS-lp2.  We  find  that  they 
are  Pl-1-1  arid  Pl-1-6,  these  are  the*j30ints 
at  which  vye  will  stax't  our  point  to  point  voltage 
tests.         .        ,      .  ^ 

I'iist  W  locate  jianel  PI  and  the  terminal 
boaid  and  terminal  points  indicated  oo  figure 
7-8B.  We  again  set  up  our  multinx^tec  to  talce 
voltage  readings.  We  then  apply  the  test  leads 
across  terminals  X  to  6  of  TB-1  (fig.  7-8B). 
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Our  meter  indicates  115  VAC  at  these  points. 
This  is  a  normal  indication;  therefore, bur  cir- 
cuit is  complete  to  tliis  point. 

WARNING:  Under  nocircumstancesShouldany 
person  reach  Avithin  or  enter  anyenclosurefpr 
the  purpose  of  servicing,  adjustir^,  or  trouble- 
shooting electric  or  electronic  equipment  with- 
out the  imn\ediate  presence  or  assistance  of 
another  pt^j^son  capable  of  rerTQefing  aid.  Such 
peifion  rrjusc^be  famLliai  with  tlie  methods  of 
artificial  respiration.  / 

Next  lobl^atjfigure  7-8A  and  locate  the*  next 
two  test  poUitis  tetween  TPZ-1  and  L-6.  These  are* 
BXl-4-2  and^  BXl-4-4.  We.  locate  connection 
box  BXl  aAcb-find  terminal  board  ' TB-4  and 
terminals  2  and  .4  (part  B  of  figure  7^8).  We 
apply,  our  test  leads  across  terminals  2  and  4 
and  again  our  meter  reads  115  VACr.our  circuit 
is  good  up  to  these  last  two  points. 

Qui  next  step  to  locate  the  next  test  point, 
P2-3-l'and  P2-3-5  (part  B  of^figure  t-8).  We 
apply  Our  test  leads  acioss  ter^ijnals  1  and  5,. 
and  this  tipne  our  meter,  reads  zero  volts.  Since 
we  must  have  a  complete  circuit  for  cur^nt 
to  ^o\v,  the  zero  voltage  fS^ng  indicates  to  us 
that  we  have*  an  open  circuit  or  a  loose_connection 
between  BXl  and  panel  P-2. 

LOJSE  CONNECTIONS.  — Troubles  r^suUtng 
from  loose  or  open  connections  caused  by  shock 
Or  weai  become  noticeable  through  faulty  opgc*^a- 
tion  01  complete  failure  of  the  equipment  con- 
cerned. Evidence  of  a  loose  connection  couli^'be 
a  tAirned  area  around  a  terminal  connection  catf|ed 
by  arcing., Many  circuit  casualties  caused  by  Iq^se  ' 

'terminal  connections  occur  after  Ordalta,  §iip-* 
alts,  or  field  changes  are  performed  pn  ^%c- 
trical  equipment.  It  always  is  agbodideato  cliick 
all  terminal  connections  after  a  yard  perfod 
or  every  time  ordnance  equipment  has  beeri  wqyked 
on  by  either  the  ship's  force-or  yard  pers^nel. 
By  checking  the  connections  at  TB-3  'ift^ 
panel,  we  find  that  our  problem  lies  at  TB-sS-i^ 
The  terminal'  screw  for  the  terrfiinal  lug  at  ter^* 

^mlnal  J^  is  missing  and  wire  WS-lOl  *wa^ 'Oriff 
thfe  terminal  connection  causing  an  open  circuit. 
After  "Replacing  wire  WS-l6j  and  ensuring  that 
the  terminal  screw  is  secured  prope;rlyi;  ^^^^ind 
that  indicating  light  Ia-6  is  now  lit.     \    [  , 

To  make  certain  that  the  circuit^isl  wofki^ 
properly,  all  we  have  ta  do  is  dej)ress  s;tart 
button  SM-l,  this  action  starts  both  the  tr^^n 
and  elevation  motors  (fig.  7-7)  and  our  circuit 
is  back  to  normal.  ^ ' 


WARNING:  Exercise  e:rtreme  care  wlien work- 
ing on  electrical  circuits.  Always  remove' 
power  sources  and  remove  fuses  before  re- 
i)lacing  wires  or  circuit  components. 

CURRENT  MEASUREMENTS 

Unless  an'ammeter  is  already^  an  integral  part 
of  a  circuit,  current  measurer^fents  are  rarely 
Itaken  when  troubleshooting  ordnance  equipment. 
If  .current  measurements  aie  oaken  the  meter  is 
placed  Jn  series  with  the  circuit  under  test. 
One  example  of  taking  current  readings  would  be 
to  check  the  outptit  of  a  drive  motor  field  control 
Windings..  For  a  3"/50  gun  system,  this- is  done 
by  the  following  steps.  (Refer  to  figure  7-11). 

•  -1.  With  the  circuit  breaker  open,  disconnect 
,^e  lead  at  terminal  FC14  (FCIl)  of  the  motor 
Jield  control.  Set  up  a  multimeter  to  take,  direct- 
current  (d.c.)  ammeter  readings  (2.0  amp  scale). 
.Connect  the  negative  terminal  of  the  meter  to 
terminal  11  (14)  pf  the  field  contrpL  a^nd  the 
positive  terminal  of  the  meter  tothed^scronn^cted 
lead  FCll  (FC14). 

2.  Close  the  circuit  breaker,  place  the  control 
Selector  switch  in  local-surface  position,  and 
press  the  start;  button. 

3.  When  the  equipment  is  energized,  check  the 

*  reading  of  the  ammeter.  Jt' should  read  about- 
1.4  amperes.  If  the  meter  reads  higher  or  lower, 
ar;i  adjustment  of  the  excitation  voltage  of  the 
motor  field  ^control  windi^igs  would  be  necessary. 

This  kind  of  test  usually  is  perforn^ed  during 
a  regular  mainteriathce  action. 


MOTOR  FIELD 
J    CONTROL  ^ 
-  TBRttlNAL  BOARD 

'   '^^^IL  J)!SC0NN|CT 


ELEVATION 
DRIVE  MOTOR 


DJSCONJJECT 



1  ^. 


TRAIN 
^gp     DRIVE  MOTOR 


,  84.336 

Flgufe  7-il.  — Checking  motor  field  control. 
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Ground  Detection  Indicator 

t  '  '  * 

Another  type  of  curr^il  measuring  device  you. 
Should  be  familiar  wi^^h  is  the  ground  detection 
jndicatoir  A  ground  detection,  indicator  ,  is  5 
continuous  monitoring  system  designed' to  detect 
a  first  gi^und.  Because  the  power  disfribiltion^. 
and  control  circuits  are  powered  by  ui^rounded 
currents,  the  first  ground  will  not  always. cause  ' 
a  malfunction.  However,  if  tha  first  ground  is 
jiot  discovered,  and  a  second  derolops,*  the  Result 
coul^^e  an  illogical  and  destructive  sequence 
t)f  'gun  mount  operation.  The  reason  fo^  this 
taction  is 'that  the  two- grounds  act  as  anelec- 
trical conductor  l5etween  the  grounded  compo- 
nents. A  ground  detection  indicator  vjrill  produce 
audio  and  visual  indlcaitions  if  a  gun  system- 
develops  a^.short  qr  ground^ 

.   For  exaqiple,  if  a  ground  were  to  occur  in  the_  - 
,5"/54  automatic  loading  systemr-and  it  Was  not 
corrected,  perhaps  nothing  would  happen.  Opera- 

4^.tion^  might*  t)e  'normal.   If  a  second  ground 
develop?,  however,'  and  somQ  safety  inter  locks  jare* 
energized  due  to  the  grounded  circuit,  the. equip-  ' 
m^ftt  could  be  damaged  andT personnel  might 
be  injureci*  . .      ,     '  ^ 

«    The- , elimination  of  ^grounds    and  potential  • 
.grounds  Js  preventive  maintenance  and  the  respon- 
sibility of  gun  crews.  \  <i         '  . 
•    When  the  ground  detector  Indicator  indicates  ^ 
that'spme  pkrt  of  the  ^n  system  is  grounded,  the 
Gunner •s  Mate  must  determme*  the  location  and 

*  cause  of  the  ground.  To  d6  this,  he  uses  his 
multimeter.  Ground'  detection  indica'tors  are 
being  installed  onfall  new  gun  and  niissile  systems.- 


TRANSISTORS 

A  transistor  is  a  solid  statp  device  constructed 
pf  semiconductor  materials.  Transistors  are 
capable  of  pei;forming  many  of  the  functions 
of  different  types,  ^of  electronic  and  electrical 
components  such  as  electron  tubes,  interlock 
relays,  switches,  control  relays,  and  current 
amplifiers.  - 

In  man/  cases,  transistors  are  more  desirable 
than  tubes  for  oirdnance  equipment  because  they 
are  smaller,  requirfe  no  warmup  power,  ^and 
operate  at  low  voltages  with  comparatively  high 
efficiency.  » 

,  Semiconductors  are  the  basic  components  of  a 
ti*ansistor.  How  these  materials  'behave  and  the 
electrical  conduction  properties  which  give  the 
transistor  its  basic  characteristics*  are  explained 
in  Basic  Electronics,  N'AVEDTRA  10087. 


In  some  ways,  an  electron  "tube  and  transistor 
*are  similar'  (electron  tubes  are  explained  in, 
Basic  Electronics).  Both  have  three  elements  as 
illustrated  '  in  figure  T-12,  ahd,  the  functions 
of  these  elements  can  tje  compared,   .        .  . 

In  the^lectron  tube  the  three  elements  are: 

1.  The  cathode  which  gives,  off,"  or-emits, 
electrons*'     I     -  '  -  ^ 

2.  The  grid  which  controls  the  flow  of  elec- 
trons.      :      0  '  '  \  .  * " 

3.  The  plate  which  attracts,  or  'collects, 
electrons,    r  ,  "  ' 

:,  ,  ,     ■  \       ;  ' 

In  the  trans^toitethq*  ihree  elements' ^re: 

1.  The  emitter  which  gives  off,  or  emits, 
current  carriers  (electrous  or  holes).  ' 

2.  ThQ  bas^  which  controls  ilow^of  current 
.  carriers.*  ^       -    , .         ,  "  ' 

3.  The  collecto;:  which  collects  current  car-: 
wers.  ^      '        ,        •         ^      -       •  V' 

Trapsi&tors  are  classed^  as  PNP  or  >I'pK[, 
according  to  the  arrangement  of  impuntits  in 
the  crys^l;  the  collector  of  the  Vl^b  transj^tor-^ 

■  ■ '-   •     :     ^  x 

PLATE     •  ,  ...S 

CONTROL' 


GRID 

"      ,  '  leAJHODE- 

(A)  JRIODE  ELECtRON  TUBE 


BASE»r 


COLLECTOR 


EMITTER 


(B)  DEVICE  AND  SCHEMATIC  SYMBa  •  NPN 


BASE" 


COLLECTOR 


EMITTER 

— . 


(C)  DEVICE  AND  SCHEMATIC  SYMBOL ^PNP"^ 


1.280(84A) 

Figure  7-l2.  —  Element  comparison  of  tubes  jnd 
transistors. 
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collects  holes,  whereas  the  collector  of  the  NPN 
.  transistor  collects  electrons*.  The  schematic 
symbols  for  both  types  are  similar  but  not 
identical,. as  illustrated* in  figure  7-12.  A  heavy 
straight  line  represents  the  base,  and  the  two, 
lines  slanted  toward  the  base  represent  emitter  • 
and .  collector  terminals.  An  arrow-head  in  th.e 
emitter  line  always  pp^nts  towafd  the  N-type 
.  mateprial  and  against  the  direction  of  electron 
flow  (+  to  -).  Thus,  if  the  arrow  points,  tow^r'd 
the  base  line,  the  base  in  of  ^N-type  material. 
Since  the  base  4s  always  of  the  opposite  type  of 
material  from  emitter  and  collector,  the  tran-^ 
sistoris'.of '  the  PNP  type.  Similarly,  if  ^e 
arrow  points  away  from  t^e  base  fine  (toward^e 
emitter),  the  transistor  is  of  the  NPN  iyg^^ln 
other  words,  the  arrow  points  toward  the  base 
in  PNP'  .transistors  arid  away  .from  the  base 
in  NPNtratisistors-,  (fig.  7-12). 

Transistors  are  generally  connected  in  one 
of  three  basic  circuits  (fig!  7-13).  These  Circuits 
^  are  the  (1)  grounded-emitter-,  (2)  grounded-base, 
'  and  /  (3)  grounded-cdllector.  The  circuits  ^  are 
shown  here  merely  to  point  out  the  three  most 
common  transistor  circuit  arrangements. 

Notice  that  all  three  of  these  circuits  have  a 
common  feature.  The  signal  is  always  applied 
between  the  base  and  the  emitter.  Bj/  control- 
ling this  junction  with  forward  or  revferse  bias/ 
we  regulate  current  flow  in  the  outpijt  circuit.. 

Transistors  and  semiconductor  devices  are 
explained  in  detail  in  Basic  Electronics. 

Solid  State  Circuits 


e  OUTPUT 


GROUNDED  EMITTER 


INPUT  ^ 
SIGNAL 


CROUNDED  BASE 


e  OUTPUT 


GROUNDED  COLLECTOR 


Figure?  7-14  illustrates  part  of  a  solid  state 
switchip^  cii^cuit  used  in  the  5'V54  MK  9  gun 
system.  Two  .types  of  transistors  are  used. 

.  The  NPN  transistors  serve.as  switcjiing elements; 
tfie  one  PNP  transistor  functions  Nas  the  output 
transistor  for  th^it  circuit.  Since  \  transistor, 
like  a  simple  switph,  is  charracteriz.ed  by  a^low 

^resistance"  to  current  flow  when  it  is  closed 
and  a  high  resistance  when^it  is  opened,  they  can 
bi  used  as  switches  in  a  solid  state  electrical 
circuit.  Transistors  used  as'switches  are  operated 
in  one  of  two  conditions.:  The  transist&r  Is  cut 

-  off  (nonconducting)  to  open  a  circuit  or  the 
;  transistor  is  saturated  (conducting  heavily)  to 
close  a  circuit.  Under  these  conditions,  it  acts 
as  a  simple  on-oiff  toggle  switch.  The  transistors 
illustrated  .in  figure  7-14  are  saturated  or  cut  off 
.  by  properly^biasing  them  for  the  desire^  condition 
of  operation.    ^  V  * 

In  the  ioUowing  discussion  of  the  functions 
of  a  splid  state  43ircuit  only  two  transistors  will 


72.36 


Figure  7-13.—  Basic  circuits. 


be  use^It  must  be  remembered  that,  for  that 
circuit  t^unction  properly,  all  of  the  transistor 
switches  in 'the  circuit  must  conduct  at  the  same 
time  to  provide  a  single  ^patl^ for  current  flow. 
The  two  large  circles  shown  in  figure  7-14  ^ 
show  two  transistors  and  7^ne  relay^  These 
elements  have  been,  put  into  a  simple  Circuit 
that  will  help  you  follow  cu/rent  flow  during  oul 
disqussion.  Part.  A  of  figjure  7-1^  shoNys  the 
electrical  i^nd  electronic  elements  that  are  circled 
in  figure  '7-14,  \yith  th§  exception  «L  switbh 
SM-1.  The  switch  has  l:^en  added^tq  illustrate 
how  this  circuit  wor&s.  For  the'  purpose  of 
explanation^ SM-1  is  designated  as  the  train,  start 
pusjibutton^  The  pi^rpose  of  the  circuits  in  fig- 
ui*e  7-14*  and  figure  7-15  Js  to  energize  a 
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Figure  7-14.— Train  start  circuit. 
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Figure  7-15.  — Basic  solid  state  circuit. 


contactor  for  thfe  train  motor.  This  is  the  electiic 
drive  motor  for  the  CAB  hydraulic  system  used 
in  the*  training,  mechanism  of  the  5"/54  MK9 
gun  system. 

The  control  relay  shown  in  figure  7-15  is 

-  part  of.  the  circuit  to  the  trali^  motor  and,  when 
energized,  will  complete  the  circuit  that  energizes 
KPTl  (figure  7-14)  whiQh  is  the  train  contactor 
to  the  train  motor  BPTl.  The  purpose  Of  part 
B  of  figure  7-15  is  to  show  how  a  transistor^ 
resembles  a  switch.  When  these  switches  are' 
Closed,  current  will  flow  and  the  relay  in  that 
circuit  will  energize.  By  using  both  parts  of 
figure  7-15  youjshould  t)e. able toundersland more 

-  easily  how  current  in  this  type  circuit  flows  from 
.the  negative  side  to  the  positive  side  of  the  24v 
d.c.  input.  Current  flow  is  designated  by  the 
directlon  of  the  arrows. 


When  the  train' start  pujshbutton' (SM-l)  is 
depressed,  a  positive  bias  volta;ge  will  be  present 
at  the  base  of  transistor  Ql.  This  ^voltage  for- 
ward biases  the  transistor  inihe  baSe  circuit 
causing  bias  current  to  flow  In  the  base  circuit, 
and  placing  a  positive  voltage  on  the  base  of  Ql. 
This  bias  voltage  fires  (closes  the  switch)  tran- 
sistor Ql.  current  from  the  24y  d-c  supply  will 
flow  (solid  arrow)  from  the  negative  side  (wire 
WS-l)  through  Ql  to  the  volts^  divider  resistors 
(R-2  and  R-3)  and  back  to  the  positive  side  of 
the  24v  d-c  supply  (wire  WS-^.  The  resi^rs 
are  used  to  provide  the  proper  bias  volta<^  to 
fire  transistor  Q  2.  When  current  flows  through 
the  voltage  divider  resistors  R-2  and  Rr3,  a  neg- 
ative voltage  is  developed  between  the  base  of 
Q2'  and  its  emitter;'  This  forwaiti  bias  causes 
Q2  to  conduct.. 
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Transistor  Q2  in  this  circuit  is  the  output 
transistor  and  is  used  to  perfbrpi  the  work; 
that  is,  to  energize  the  relay'^  the  cirjpuit. 
Whe'nQ2  is  properly  biased,  current  in  the  second 
part  of  the  circuit  flows  (dotted  line)  from  the 
'  negative  side  of  the  24v'd,c.  supply '(wire  WS-i) 
through  the  relay  and  resistor  R-4  and  through  Q2 
to  the  positive  side  of  the  24v  d.c.  supply  (wire 
*WS-2);  There  are  twp  basic  circuits  that  makeup 
Htfs  type  of  solid  state  system.  Transistor.  Qi 
acts  as  an  interlock  for  the  output  transistor  Q2. 
This  part  of  the  circuit  prevents  starting  ^he 
train  motor  until  all  the  safety  interlocks  have 
been  met.  The  circuit  from  transistor  Q2  serves 
as  the  relay  supply  that  e.nergizes  the  control 
relay  to  the  train  contactor  KPTl. 

Notice  in  figure  7-14  there  are  several  other 
transistors  in  series  with  the  transistors  used 
^s  Ql  in  figure  7-15.  For  xjurrent  to  flow 
throu^  Ql  to  develop  a  forward  bfas  for  Q2, 
all  the  transistors  in  series  with  Ql  must  be 
forward  biased. 

,  Servicing  Notes 

Semiconductors,  like  electron  tubes ,  are  avail- 
able  i;i  a  large  variety  of  types,  each  with  its 
own  uhique  characteristics.  The  characteristics 
of  each  of  these  devices  usually  presented  in 
specification  sheets,  or  they  may  I)^  included  in 
tube  or  transistor  manuals.  T^eispecifications 
include' (1)  a  general  description^  the  device, 

(2)  the  kind  of  semiconductor  materials  used, 

(3)  some  common  applications  of  the  device, 

(4)  absolute  maximum  ratings,  (5)  collector  power 
dissipation,  (6)  Alpha  or  Beta  of  the  device,  v^ich 
are  sometimes  called  the  current  transfer  ratio^ 
(7)-  the  leakage  current  from  collect9r  to  base 
when  no  emitter  current  Hows  (caiiea  collector 
current  cutoff),  and  (8)  additional  informaticfn 
for  engineering  'design  purposes. ;5jietechnylian 
should  know  the  semiconductor^pecifications 
before  attempting  a  test  to  detejcn^ne  the  quality 
of  ttie  device.  '  |\^:^ 

A  standardized  system  of  nfinl>&rs  and  letters 
is  used  for  designating  diodes4and  transistors^ 

1.  The  first  number  indicates  the  number  of 
junctions.  Thus,  1  designates  a  dio^e  (l  junc- 
tion), 2  designates  a  trai^fetor  triode  (which may 
toe  considei'ed  as  made  up  of  two  diodes,  the 
emitter-base  and  base- collector  diodes),  3. des- 
ignates a  semiconductor  tetrode  (a  four-element 
transistor  with  3.  junctions). 

2.  The  letter  N  following  the  first  number 
Indicates  a  semiconductor.  •  < 


V 

3.  The  2-  or  3-digit  number  following  the 
letter  N  has  no  particular  significance ,  except  that  ^ 
it  indicates  the'  ord^r  of  registration,  WTien 
this  number  is  followed  by  a  letter,  it  indicates 
a  later,  improved  version. 

Thus,  a,  semiconductor  designated  as  type 
2N345A  signifies  thatitisa2-junction(3-element) 
transistor  of  semiconductor  material,  and  that  it 
is  an  improved  version  of  type  345. 

The  arrangement  and  coding  of  transistor  leads 
a^e  shown  in  figure  7-16,  A  throu^  E, 

Figure  7-16A  shows  a  transistor  in  an  oval 
case.  The  collector  lead  is  identified  by  a  wide 
space  between  it  and  the  base  lead  which,  in 
turn,  is  followed  by  the  emitter  lead. 

The  transistor  at  B  is  contained  in  a  round 
case  with  the  three  leads  in  line  and  equally 
spaced.  The  collector  lead  is  marked  on  the  case 
by  means  of  *a  color  dot,  usually  red.  The  other 
two  leads  are  the  base  ^nd  epiitter  (2  and  3, 
respectively). 

In  figure  7-16C,  the  collector  lead  is  marked 
by  a  red  line  on  the  case.  The  base  and  emitter 
leads  follow  clockwise  around  the  device  in  that 
order. 

The  leads  on  the  transistor  shown  at  D 
are  located  at  three  points  of  a  quadnant,  Wlien 
viewed  from  the  bottom  m  a  olockwisej'direction,  * 
the  first  lead  following  the  WMk  space  is  the 
emitter  (1),  followed  by  the  base  (2)  ^ind  the  col- 
lector (3). 

Figure  7-16E  shows  a  conventional  *power 
transistor.  Here/  the  collector  is  "connected  to  the 
mounting;  base,  thfe  mounting  bolt  forming  the 
co^^Ctor  for  the  collectnr.  The  H««e  le^d  is 
iolhtified  by  its  green  sleeving.  Connecting  one 
•  of  the  "transistor  -  elements  (the.  collector  in 
this  cas^)  to  the^mountingbaseprovides.additional 
cQOling.  '        .  ' 

Although  generally  more  rugged  than  the  elec- 
tron tube,  the  transistor  is  affected  by  electrical 
shock,  heat,  humidity,  and  excessive  radiation. 

Transistors  may  be  damaged  beyond  repair  by 
applying  the  incorrect  polarity  to  the  collector 
circuit  or  excessive  voltage  to  the  input  circuit.  . 
Careless  soldering  teghniques  that  overheat  the 
transistor  can  also  severely  damage  the  device* 

One  of  the  most  frequent  causes,  of  damage 
to  a  transistor  is  the  electrostatic  discharge  from 
the  human  body  when  the  device  is  handled.  Such 
damage  may  f)e  avoided  by  dischai^ng  the  body 
to  the  chassiSs^ontaining  the  transistor  before  the 
repair  procedure  begins. 
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Figure  7-16.  — Transistor  lead  identification  and  transistor  testing. 
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Small-sized  tools  should  used  when  servic- 
ing transistors  and  their  associated  circuit  com- 
ponents* Small  cutting  pliers  and  oepdle-nose 
pliers  are  more  useful  ihan  the  conventional  sizes. 
Narrow-Dlaae  screwdrivers  are  more  useful  than 
the  larger  types.  A  sharp-pointed  thin  metal  probe 
IS  helpful  in  cleanmg  solder  from  small  openings 
or  areas.  Soldering  is  performed  more  satis- 
factorily with  a  small  low-voltage  soldering  Iron  * 
or  pencil  (35  to  40  watts)  having  a  narrow  point 
or  wedge.' 

The  following  precautions  should  be  taken  when 
It  becomes  necessary  to  replace  a  transistor  which 


Is  soldered  In  the  circuit.  Before  removing  the 
old  transistor,  note  the  orlentatlo^  of  the  collec- 
tor, base,  and  emitter  leads.  Cut  the  leads  of 
the  new  transistor  to  the  proper  lei^,  uslr^ 
sharp  cutters  to  prevent  undue  stress  on  the  leads 
entering  the  taranslstor.  Then,  with  the  tran- 
sistor properly  positioned,  spider  the  leads  to 
the  connections,  using  the  propej  solder  and 
soldering  Iron  and  aheai^slnk. 

TROUBLESHOOTING  TRANSISTOR  CIRQUITS  j 

To  find  a  bad  transistor  In  a  circuit,  use  the 
same  methods  for  locating  any  other  defective 
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component.  The  first  step  in  checking  foi  tiouble 
In  transistor  circuits  is  a  thorough  inspection 
of  t;{ie  equipiment.   Loose  conne'ctions,  broken 
leads,  corroded  terminal  connections  and  other 
common  type  circuit  problems  should  be  corrected 
^fore  checking  for  a  bad  transistor.  Because 
{  6if  transistor  is  one  of  the*  most  reliable  com-'. 
^Wnents  of  a  circuit,  it  should  fie  the  last  to  be 
suspected  for  causmg  circuit  failures.  If  a 
transistor  is  suspected  of  causing  trouble,  how- 
ever, the  easy  way  to  correct  the  problem  is  to 
"replace  the  transistor. 

If  the  n^w  transistor  restores  the  circuit  to 
proper  operation,  the  transistor  that  was  replaced 
is  the  cause  of  the  troui)le. 

CAITION:  Never  remove  or  replace  a  tran- 
sistor\^hiIe  the  power  source  is  connected  to 
'"^e  circuit.  Failure  to  observe  this  caution  may 
result  in  damage  to  the  transistor  from  a  surge, 
(rise)  incurrentwithinthe circuit. 

Because  some  types  of  transistors  are  plug-in 
types,  the  alx>vc  caution  should  alwa>s  Ije  ob- 
served. It  is  easy  to  forget  to  secure  power 
sources  when  working  with  plug-in  type  tran- 
sistors. 

If  the  oew  transistor  is  damaged  when  placed 
into  a  circuit*  the. circuit  must  J:>e  checked  foi 
defecU  that  caused  the'damage.  However,  if  the 
transfetor  itself  is  suspected,  it  can  \^  lemoved 
from  the  equipmt;nt  for  testing,  hi  equipment 
em^oying  sockets  for  the  tranSiStoi ,  it  is  onl> 
necessary  to  remove  the  transistoi  from  the 
socket  (plug-in  type).  Ifthetransfstor  is  soldered, 
extreme  care  must  be  taken  to  prevent  damage 
to  *the  transistor  from  heat  of  the  soldering 
iron  when  unsoldering  the  transistor. 

Resistance  Tests 

\  check  tdLti  \^  made  of  a  transistor  b>  means 
of  a  multimeter.  There  are  two  general  reasons 
for  testing  a  transiston  First,  you  want  to 
know  whether  a  known  transistor  is  good,  or 
second,  you  may  have  an  unmarked  transistor 
and  want  to  know  its^  type  (NPN  or  PNP).  Con- 
nections for  these  tests  are  sho\yninfigure7-16r 
through  I.  . 

.  Connect  'the  jflbsitiye  ohmmeter  lead  to  the 
bSse  olf  a  trahsistor' (F  in  figure  7-16),  If  a 
high  resistance  reading  (50,000  ohms  or  higher) 
is  obtained  between  the  base  and  emitter  and  the 
base  and  collector,  the  transistor  is  a  PNP 
type.  If  a  low  reading  (500  ohms  or  less)  is 
obtained,  the  transistor  is  \n  KPN  type,  (G 
in  fig.  7-16).  If  the  negative  ohmmeter  lead  is 
connected  to  the  base  of  the  transistor  as  shown 


in  H   ind  I  j>f  figure  7-16,  the  resuft  would  be 
^  reversed.  If  the  coiiect  resistance  readings  are/ 
not  obtained  from  the  ohmmeter  test,  the  traji- 
sistor  should  be  replaced. 

•  i 

Short  Circuit  Tests 

To  hfiake  a  test  to  determine  wnether  shorts 
or  decre/ised  I'esistance  l>etween  elements  have 
occurred,  the  resistance  ratios  from  emitter  to 
base  and.  collector  to  !;US(  should  l>e  500  to  1 
Or  more.  The  direction  of  the  ra-tio  depends  on 
whether  the  transistor  is  an  NPN  or  PNP  type. 
The  resistance  from  collector  ta  emitter  should 
be  nearly  the  same  when  measured  ineither  direc- 
tion. WTieQ  making  this  test,  ohmmeter  Yeadings 
should  be  taken  in  lx?th  directions  (reverse  the 
test  leads). 

Test  Equipment  Specifications 

A  multimeter  which  passes  a  current  of  more 
than  1  milliampere  thiough  a  transistor  cannot 
be.  used  snftl>  when  testing  transistors.  Many 
trapsistois  uic  designed  lobperate  in  low-voltage 
circuits.-  Multimeter  A\'/PSM-4  uses  -t  battery 
power  supph  of  l.5v  d.t .  and  22.5v  cl.t.  When 
using  thi?^  mt-tei,  maJ^tr  sure  that  the  voltage 
used  ne\ei  exceeds  *thc  voltage  ratings  of  the 
transistoi:  under  test.  If  there  is  any  douljt  at 
all,  use  another  meter  to  measure  the  voltage 
acioss  the  ohmmeter  leads  on  each  resistance 
range.  This  measurement  must  be  made  with 
a  voltmeter  having  a  high  resistance  such  as 
a  VTVM.  Foi  further  information  on  transistor 
troubleshooting,  refer  to  Basic  Electronics. 

LOGIC  DIAGRAMS  * 

In  this  section  of  the  chapter  we  will  disuuss 
logic  diagrams.  We  will  not  attempt  to  co\er  all 
phases  of  the  subject  but  will  intro  you  tp 
the  .symlx)ls  used  in  logic  diagrani  and  give 
a  biief  explanation  of  how  the  symbols  aie  used.' 
Logic  diagrams  use  functional  symbols  instead 
of  words  to  rep^fsent  circuit  functions  or  se- , 
quenJtiAl 'events  in  circuit  operation. 

You  might  wonder,  as  a  GM,  why  you  should 
know  how  to  r^id  logic  diagrams.  The  answer 
to  this  is  quite  simple.  As  a  GM  3  you  are  re- 
quired to  know  the  .function  of  cltjctrical  and 
electronic  circuit  components.  As  a  GM  2  you 
are  required  to  know  symbols  commonly  used 
in  electronic  diagrams.  So  it  behooves  every 
GM  to  understarti  the  meaning  of  symbols  used 
in  schematic  diagrams  and  drawings. 
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In  this  age  *of  advanced  electronic  devioes, 
more  and  more  manufacturers  are  using  logic 
diagrams  to  sKow  circuit  operation.  This  means 
that  increasing  numbers  of  publications  are  re- 
sorting to  the  use'  of  logic  diagrams.  So  careful 
study  of  the  information  presented  here  yfnll  give 
you  a  head  start. 

The  skill  in  using  logic  diagrams  depends, 
to  a  degree,  on  bur  ability  to  classify  components  , 
as  two-state  devices.  Examples  of  this  are;  a 
light  is  either  on  or  off,  a'  pushbutton  switch  is 
depressed  or  not  depressed,  a  relay  is  energized 
or  not  energized. 

Classification  of  some  devices  as  two-state 
may  be  rather  difficult.  Consider  as  an  example 
a  three-position  selector  switch.  UTien  referring* 
to  one  position  of  the  switch,  we  can  say  it  is 
either  in  'that  ^xjsition  or  not  in  that  position.  If 
the  switch  is  not  in  the  position  indicated,  we 
can  n;>t  determine  with  assurance  what  position 
the  switch  is  m,  however,  we  are  able  to  describe 
the  switch  position  as  a  two-state  device. 

There  are  many  pairs  of  conditions  that  might 
be  used  to  describe  two-state  operations.  Some 
of  thfese  ar^: 

High  LX5W 

Energized  «.  Not  energized 

Actuated  Not  actuated 

Closed  ,  Open 

Running.;  Stopped 

On.  Off 

LOGIC  SYMBOLS 

We  will  now  cover  some  of  the  s>nabols  used 
in  logic  diagrams. 

The  first  logic  symbol  shown  in  figure  7-17 
is  AND,  which  is  described  as  '*any  device  with 
two  or  more  inputs  and  a  single  output,  the  output 
of  ^ich  is  ON  only  ^en  all  inputs  are  ON 
»and  ,fis  OFF  when  any  one\)f  the  Inputs  is  OFF'*. 

the  electrical  circuit jshown  in  figure  7-18 
represents  an  AND  circuit.  If  it  is  assumed  that 
the  switches  are  Inputs  (the  Inputs  are  ON  when 
the  switches  are  clos^  and  OFF  when  the  switches 
are  open)  and  that  the  output  is  the  li^t,  the 
output  IS  ON  when  the  ligjit  is  glowing  and  OFF 
y/heji  the  light  is  out. 

The  light  circuit  qualifies  as  an  AND  circuit 
because  switch  SIl  and  switch  SI2  must  be  closed 
(ON;  before  the  light  will  glow  (OK)  and  because, 
if  one  switch  opens  {OFF)/the  light  will  go  out 
(OFF).  You  can  see  from  figure  7-18  that  this  is 
a  basic  series  circuit. 


INPUTS 


*      ^  84.399 
Figure  7-17.  -  Logic  Symbol  AND. 
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Figure  7-18.  —  AND  circuit. 

The  second  logic  sjTnboI  shown  in  figure  7-19 
is  OR,  which  is  described  as  **aity  device  with  two 
or  more  ir^uts  and  a  single  output,  the  output 
of  which  is  ON  when  at  least  one  input  is  ON  akd  is 
OFF  only  when  no  inputs  are  OK*** 

The  electric  circuit  shown  in  figure  7-20 
represents  an  OR  circuit.  This  circuit  qualifies 
as  an  OR  circuit  because  the  li^t  will  glow 
(ON)  if  either  switch  Sll^or  switch  SI2  is  closed 
(ON),  and  tj?e  li^t  is  out  (OFF)  only  if  both 
switches  are  open  (OFF).  Figure  7-20-is  a  basic 
parallel  circuit. 

Figure  7-21  shows  a  typical  logic  circuit  which 
uses  inverted  and  buffered  switch  outputs  to 
trigger  a  solenoid  driver.  The  solenoid  driver, 
in  turn,  controls  a  solenoid  which  initiates  a 
gun  loading  cycle.  The  circuit  uses  negative 
logic;  that  is,  a  low  (ground)  potential  }s  the 
activating  condition  for  the  individual  logic 
functions.  '  " 

The  circuit  consists  of  AND  gates,  OR  gates 
and  Interconnecting  wiring.  The  clroled  numbers 
In  figure  7-2l  identify  the  gates.  These  identifying 
numbers  normally  are  not  shown  on  logic  circuits 
but  are  shown  here  to  assist  in  identifying  the 
gates.  The  numbers  within  the  gates  identify 
the  printed  circuit  board  In  EP2  panel  on  \^iilch 
the  circuit  is  located.  The  numbers  on  the  ii^ut 
and  output  alines  of  the  gates  Identify  the  ter- 
minal gin  that  connects  to  that  point. 

inputs  to  the  logic  gates  are  identlflecP  by 
both  alphanumeiic  nomenclature  and  a  brief 
descrlptioa  of  what  the  Input  means.  The  input 
..SIH  8-1  *'HOIST  DOWN*'  to.  gate  1  comes  from 
point  1  of  the  Inverter  buffer  associated  with 
SIH  3.  When  the  hoist  Is  down,,  th^  switch  is 
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INPUTS 


OUTPUT 


Figure  7-1$.  — Logic  Symbol  OR. 


84.401 


activated  and  the  high  svtltch  output  through  the 
inverter  buffer  produces  a  low  logic  input  at 
point  1.  (The  inverted  and  buffered^ignals  are 
applied  to  logic  circuitry  which  produces  the  de- 
sired output  only  vAien  all  required  conditions 
are  present). 

The  description  accompanying  logic  inputs  to 
gates  which  end  in  a  2  or  1  denotes  the  condition 
of  the  equipment  that  is  providing  the  logic  input. 
For  example,  SIC  2-2  is  NO  POWDER  CASE 
IN  CRADLE  Oogic  symbol  1  fig.  7-2l).  The 
description  ending  in  l  indicates  the  opposite 
POWDER  CASE  IN  CRADLE. 

Figure  7-2l  can  be  classed  as  a  typical  gun 
loading  logic  circuit.  It  must  be  remembered, 
however,  that  no  two  circuits  are  identical  in 
arrangement.  The  arrangement  and  inputs  re- 
quired for  various  circuits  are  determined  by 
the  output  function  of  the  component  involved; 

You  will  .notice  in  figure  7-2i,  that  all  gates 
on  the  left  are  AND  gates.  Using  gate(ff)as  an 
example,  when  inputs  67  and  68  and  SO^and  81 
are  low,  the  outjnit  at  82  is  low  iactivating^. 
When  any  of  the  inputs  is.  high,  ot^piit  82  will 
be  hig^  (deactivating).  .The  following  table  ia  a 
truth  table  of  input  and  output  conditions  of  gate  (l^ 
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Table  7-1. -TRUTH  TABLE  of  4-AND  GATE 
CONDITIONS 


Inputs 

Output 

67 

•  68 

80 

81 

82  . 

HIGH 

HIGH 

HIGH 

in6H 

HIGH 

HIGH 

HIGH 

HIGH 

HIGH 

LOW 

LOW 

.  HIGH 

HIGH 

HIGH 

LOW 

LOW 

LOW 

HIGH 

HIGH. 

LOW 

LOW 

LOW 

LOW 

LOW 

r 


Sli 


Figure  7-20.  — OR  circuit. 
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li  can  be  seen  from  figure  7-2i  that  the  ouQmt 
of  three  AND  gates  (0,  @  ,  and  0 )  is  fed  to 
two  pR  gates.  Referring  to  gate  (g)  as  an  example, 
when  53  or  37  or  48  is  low,  output  36  is  low.  If 
one  QT  more  of  the.  Inputs  to  gat6  (?)  is  low,  the 
ou^ut  36  will  be  l6w^  The  outputlrom  gate(6) 
must  be  low  to  activate  the  next  logic  gate,  the 
circ^t  is  complete  "when  at  least  oneiiqwtis  low. 
Having  ii^mts  37  and  48  wired  together  in  this 
case  does  not  affect  operation  of  this  OR  gate. 
The  following  table  is  ±  truth  table  of  3-OR  gate 
coixiitions.  i 

*  Table  7-2. -TRUTH  TABLE  of  3-OR  GATE 
-  CONDITIONS 


Inputs 

Output 

-  53 

37 

48 

36 

♦HIGH 

HIGH 

HIGH 

HIGH 

x-ow 

HIGH 

HIGH 

LOW 

HIGH 

LOW 

HIGH 

LOW 

^HIGH 

HIGH 

LOW 

LOW 

XOW 

LOW 

LOW 

LOW 

Comparing  tables  7-1  aiKl  7-2  you  can  see 
in  an  AND  gate  that,  if  any  one  input  is  HIGp,  the 
output  will  be  HIGH.  By  contrast,  if  any  input 
to  any  OR  gate  is  LOW,  the  ou^t  will  be  LOW. 


LOGIC  CIRCUIT  OPERATION 


There  are  two  groups  of  gates  in  ^  gun 
loadii^  logic  system:  mode  selection  gates  and 
common  gates.  Mode  selection  gates  are  active 
\^en  all  conditions  required  for  operation  in 
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Figure  7-2i.— Typical  logic  circuit,^ 
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a  specific  mode  are  present  (cxainpje,  ^step- 
load).  Cpmmon  gates  are  activated  by  inputs  which 
are  required  to  initiate  a  cycle  in  an>  mode  of 
operation*-^      ,    >         .   '        -  ' 

Thus  mode  selection  gates  (T)  and  (5)mbst 
be  actlxeltQ  initiate  a  cypie  in  step-exercise; 
gates  (2)i,  ®  ,  ®  (8)  in  auto- load;  and 
gates  (Q  /  ,  and  ©is  step-load.  A  unioue 
feature  of  the  circuit  in  figure  7-2l  is  gate  (2). 
The  inputs^to  gate  (2)  ,  which  cao  be  uied  with 
either  step- load  or  auto-load,  allow  raising  a 
poy^der  case  to  the  breech  even  though  the  breech 
contains  a  projectile.  These  conditions,  whtch 
would  exist  only  in  the  event  of  a  misfire,  allow 


clearing  tiie  gun  with  another  powder  case  after 
the  misfired  case  has  been  ejected^ 

In  addition  to  the  appropxiate  mode  selection 
gates,  all  common  gates  (gates  do)  through  ^)) 
must  be  active  to  initiate  a  cycle.  However, 
when  a  circuit  contains  an  OR  gate,  only  one 
input  to  Uie  OR  gate  need  be  active.  For  example, 
in  gate  @  ,  either  the  empty  case  tray  must  be 
up  or  the  enipfy  case  tray  must  be  raising  and 
.clear.  '  -  _  *  ^ 

WTien  all  conditions  for  an  AND  gate  are  active 
(low),  the  gate.  Qhanges  its  ou^t  frofn  hirfi  to 
low.  Tracing  tbe  auto-load  circuit,  gate  ^  is 
active  when  the  cradle  contains  a  powder  case  and. 
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the  breech  contains  neither  a  powder  case  nor  a 
projectile.  The  low  output  from  gate  (s)  is 
applied  to  the  gate  @  input.  Since  gate  {t)  is 
an  OR  gate,  it  requires,  only  a  single  input  to 
i^ivate  it  and  apply  a  low  to  gate  (s)  .'Gate 
(s)  ijequires  an  additional  input  from  gate(?) 
^^ch  is  active  when  the  gun  mount  is  in  auto- 
load mode  (or  in  step-exercise  mode  with  the 
CRADLE  -  RAISE^  pushbutton  depressed).  When 
gate  (s)  output  becomes  low,  gate  (?)  is  activated. 
The  reniaining  input  conditions  'to  gates  (lO) 
through  are  required  regardless  of  the  mode 
of  operation.  •  -  , . 


Gate  QJ)  ,  the  final  logic  gate  in  this  circuit, 
summarizes  all  logic  inputs.  This  single  output 
isjnverted  (changed  from  low  to  hi^)  in  gate 
^  to  trigger  the  solenoid  driver.  (The  only 
purpos4  of  gate  is  to  change  the  output  of 
gate  from  a  Tow  to  a  hi^,  it  has  no  other 
functiorj.  In  addition  to  triggering  the  solenoid 
driver,  the  gate  ^  output  performs  two  other 
functions: 


1.  It  feeds  back  to  gate  (l^  to  form  a  holding 
circuit,  ^is  low  input  to  gate  (l^  is  suffi- 
cient to  hold  the  circuit,  regardless  of  wimt 
happens  to  the  inputs  ofeate  u)  through  , 
until  ^  input  to^ate  ^  and^4)  through^) 
deactivates  Uie  circuit  at  the  end  of  a  cycle. 
(When  one  of  the  inputs  to  gates  ^  througji 

becomes  high,  the  gate  ft^  output  becomes 
high  deactivating  the  circuit). 

2.  It  applies  a  low  signal  to  TIME  CYCLE 
SELECTOR  SWITCH  in  the  back  of  EP2  panel. 
When  correctly  positioned,  this  switch  and  an 
associated  timer  automatically  measure  the 
elapsed  time  of  logic  circuit  output.  (This  cor- 
responds to  the  length  of  time  required  to  complete 
a  component  cycle.)  ^ 


SYNCHRO  CIRCUITS  . 

A  synchro  resembles  an  electric  motor  and 
like  an  electric  motor  is  a  basic  electrical  mech- 
suiism.  Chapter  13  of  this  rate  training  manual 
explains  servo-systems  related  to  gun  fire  control 
systems.  For  you  to  fully  understand  diese' 
systems,  you  must  ha^e  the  background  in- 
formation about  synchros. 

United  States  Navy\  Synchros,  Description 
and  Operation  .I^andbook,  MIL-HDBK-225  (AS), 
and  Synchro^  Servo  and  Gyro  Fundamentals, 
NAVEDTRA  10105,  explain  the  types,  principles, 
and  functions  of  all  synchro  3.  You  are  urged 


to  read  those  publications  before  taking  up 
synchros  in  this  section. 

Synchro  is  the  nam^  given  to  a  wide  variety 
of  position- sensing  devices  used  to  convert  me-^ 
chanical  signals  to  electrical  signals  or  to  convert 
electrical  signals  to  mechamcal  signals.  The 
name  synchro  comes  from  the  word  synchronize^ 
which  means  *  to  happen  or  take  place  at  the 
same  time."  All  synchros  are  self- synchronous; 
hence,  the  name  is  most  descnptive  of  their 
basic  action;  > 

PURPOSE  OF  SYNCHROS 

The  purpose  of  synehros  is  the  precise  and 
rapid  transmission  o£  data  among  equipments 
and  stations.  The  change  in  course,  speed,  and 
range  of  targets  and  the  changes  in  a  ship^s 
position  related  to  a  taint's  position  must  be 
acted  upon  in  a  minimum  of  time.  Speed  ^d 
accuracy  of  data  transmission  are  most  impor- 
tant. Without  the  position-sensing  device  kndwti 
as  the  ^synchro,  the  offensive  and  defensive 
capability  of  the  Fleet  would  be  greatly  limited. 
Navy  ships  rely  on  synchros"  for  rapid  data 
transmission  within  weapon  systems  in  such 
equipments  as  computers,  fuze  setters,  sigjit 
setters,  guns,  turrets,  rocket/niissile  launchers* 
and  radar  power  drives.  In  many  cases,  the  data 
is  presented  as  visual  information  and  acted 
upon  by  operating  personnel,  such  as  a  sight 
setter  in  gun  mount. 

ADVANTAGES  OF  SYNCHRQS 

The  flexibility  of  synchros  over  mechanical 
mechanisms  such  as  gearing  and  shafting  gives 
them  marked  advantages,  for  example: 

.  •!*  The  controlling  unit  can  be  a  long  distance 
fi:om  the  controlled  unit. 

2.  Any  obstatcle  in  the  path  can  easily  be 
bypassed  by  leading  connecting  wires  around  , 
it: 

3.  The  synchro  system  uses  very  little  elec- 
trical power  and  eliminates  the ,  necessity  of 
mechanical  linkages  between  widely  separated 
units. 

Besides  the  advantages  of  using  synchros  aver 
mechanical  mechanisms,  there  are  other  ad- 
vantages^ They: 

1.  Provide  continuous,  accurate  and  visual, 
reproduction  of.  important  or  need-to-know  in- 
formation between  widely  separated  stations. 
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2,  Have  good  reliability,  requiring  minimum 
maintenance, 

3,  Are  snaall  in  size,  providihg  a  significant 
saving  in  space  and  weight. 

4,  Have  a  wide  adaptability  v^ithout  sacrificing 
precision* 

Synchro  systems  are  important  in  the  iield 
of  oxdnance  in  the  control  of  naval  weapons 
because  of  their  accuracy  and  speed.  Experience 
with  naval  weapons  control  and  operation  of 
ordnance  readily  prove  the  importance  of  the 
synchro  mechanism.  A  point  to  remember  is  that 
naval  weapons  controlled  from  remote  stations 
must  use  synchro  systems  for  theij*  control.  A 
well-placed  shot  can  save  many  lives,  and  the 
,  accuracy  of  a  weapon  depends  upon  the  correct 
operation  of  the  synchro  system.  ^  , 

Classification  of  Synchros 

Synchros  wc)i*k  in  teams.  Two  or  more  synchros 
interconnected  electrically  form  a  synchro  cir- 
cuit. Basically,  synchros  can  be  divided  into 
three  classifications; 

1.  Transmitters 

2.  Receivers 

3.  Differentials 

The  synchro  t;ransmitter  is  located  at  the 
*controlling' station  and  its  output  Is  an  electrical, 
order  signal.  These  synchros  were  originally 
called  "synchro  generators,'*  but  are  now  func- 
tionally classified  into  the  following  two  types: 

.  1.  Torque  tr^^nsmitter  (TX) 
2.  Control  transmitter  (CX) 

Torque  and  control  transmitters  are  mechan- 
ically identical.  However,  the  types  of  sy sterns 
in  which  they  are  used  differ.  Torque  trans- 
mitters are  used  in  systems  that  require  a 
mechanical  output  (dials,  etc.),  while  control 
transmitters  are  used  in  systems  that  require 
an  electrical  output. 

The  synchro  receiver  is  located  at  the  station 
being  controlled  and  its  output  can  be  either 
electrical  or  mechanical,  depending  on  the  type 
of  synchro  used.  These  synchms  are  ^function- 
ally classified  into  the  following  types: 

1,  Torque  receiver  (TR) 

2.  Control  transformer  (CT) 

"Torque  receivers  are  used  where  the  rotors 
must  perform  a  mechanical  function,  such  as 


positioning  a  dial  or  valve.  The  main  difference 
between  torque  receivers  and  torque  transmitters  / 
is  in  their  rotors.  Rotors  of  torque  receivers  . 
have*a  damper  while  rotprspf  torque  transmitters 
do  not.  Torque  receivers  were  originally  known 
as  "synchro  motors.*' 

Control  transformers  are  us'fed  wl\ere  sm, 
electrical  signal  output  is  required.  It  is  safe  ^ 
to  say  that  all  power  drives  controlled  by  ampli- 
fiers also  have  control  transformers. 

The  synchro  differential  \s  used  to  add  or. 
subtract  two  signals,  and  to  ^transmit  the  resiilt  , 
either  to  another  s>  nchro  or  as  a,  mechanical 
output.  In  either  case,  the  differential  can  always 
be  identified  by  its  rotor  (R)  leads.  All  otHer  , 
synchros  have  only  two  rotor  leads  while  the  i 
differential  has  three.  Functionally,  diffwe/itials 
are  classified  as  follows: 

1,  Torque  differential  transniitter  (TDX) 

2,  Control  differential  transmitter  (CDX) 

3,  Jerque  differential  receiver  (TDR)  ^ 

MECHANICAL  PAMPER. -A  mechanic^  de- 
vice known  as  an  inertia  damper  is  used  to  prevent 
oscillation  or  spinning  when  the,'aynchro  receiv- 
er's rotor  turns  in  response  to  a  suddea  change 
of  a  received  ^signal.  The  most  common  type  of 
inertia  damper  consists  of  a  heavy  brass  flywheel 
which  is  free  to  rotate  around  a  bushing*  at&ched 
to  the  rotor  shaft.  A  tension  spring  on  the 
bushing  rubs  against  the  flywheel  so  that' they 
turn  together  .  during  normal  operation*  If  the 
rotor  shaft  tends  to  change  its  speed  or  direc- 
tion of  rotation  suddenly,  the  inertia  of  the  damper 
opposes  the  changing  conditions,' and  the  resulting 
friction  between  tiie  spring  and  the  flywheel  damps 
the  tendency  to  oscillate.  Because  of  the  inertia 
damper,  receiver  and  transmitter  synchros  arc 
not  completely  interchangeable;  a  receiver  may 
bfe  used  as  a  transmitter,  but  a  transmitter 
is  not  suitable  for  use  as  a  receiver. 


Synchro  Symbols . 


A  synchro  consists  of  a  i:6tor  (B)  and  a 
stator  (S).  The  letters  R  ^ndS  are  used  to  Identify 
rotor  and  stator  connections  both  on  the  synchro 
and  in  wiring  diagrams  and  schematics.  Synchros 
are  represented  by  the  fi^bols  shown  in  figure 
7-22.  The  symbols  shewn  In  parts  (A)  and  (B) 
are  used  when  it  is  necessary,  to  s^ow  only, the 
external  connections  to  a  synchro,  wiiile  those 
shown  in  parts  (C),  (D),  and  (E)  are  uSed  when 
it  Js  important  to  see  the  positional  relationship 
between  rotor  and  stator.  The  small  airows  on 
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^   Figure  7-22.  — Schematic  Symbols  for  synchros. 
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the  rotors  in  parts  (C),  (D),  §nd  (E)  incjicate  5.  Increasing  reading:  Reading  transmitted  to 
angular^  displacement  of  the  rotox;  in  this  illu$tra-  a  synchro  when  numerical  value  of  the  information 
tion  the  displacement  is  zero.       -  transmitted  increases. 


Synchro  Terms 

Some  standard  synchro  terms  that  you  will 
use  are  "defined  as  follows:  • 

1.  Rotor  posifioji:  Axnount  of  rotor  offset  from* 
zero  position,  measured  in  degrees,  minutes,  or; 
seconds^ 

2.  Electrical  zero:^  Standard  position  used  as 
*the  electrical  reference  point  from  which  all 
angular  displacements  are  measured  (not  neces- 
sarily the  zero  position  of  the  dial).  • 

3.  *  Angular  position:  Counterclockwise  (viewed 
from  the ,  shaft  extension  end)  angular  rotor 
displacement  from  electrical  zero  position. 

4.  Direction  of  rotation:  Cl^jpkwise  or  counter- 
'  clockwise  rotor  rotation,  determined  when  facing 

the  shaft  extension  end  of  the  synchro. 


BASIC  PRINCIIpLES  OF  SYNCI|ROS       .      '  " 

Synchros  are  electromagnetic  devices;  there-  . 
fore,  a  review  of  magnetism  will  be  necessary 
to  understand  synchro  principles. 

A  bar  magnet  illustrates  magnetic  field  and 
pole  relationship  of  the  synchro.  The  lines  of 
force  flow  from  soutl^  pole  to  north  pole  inside 
the  magnet,  as  shown  in  figure  7-23. 

Two  bar  magnets,  shown  in  figure  7-23,  illus- 
trate the  actions  of  like  and  unlike  poles  in 
bar  magnets.  <> 

Three  bar  magnets,  spaced  120*  apart,  and  a 
removable  bar  m^et  free  to  pivot  within  the 
ring  of' mounted  magnets  show  basic  synchro 
principles,  (See  figure  7-24).  If  the  ring  of  three 
magnets  is  fixed,  the  single  pivoted  magnet  nioves 
so  that  its  south  pole  is  in  line  with  the  norOi 
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Figure  7-23,,— Repulsion  and  attraotion. 
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pole  .of  magnet  #  l.  Since  its  north  pole  is  at- 
tracted, equally  by  the  south  poles  of  magnets 
2  and  3,  it  will  remain  between  the  two.  The  piv- 
oted magnet,  therefore,  aligns  itself  with  rpagnet 
4  1.  The  thred  magnetic  fields  combine  to  form 
one  resultant  magnetic  field.  If  the  thrtje  magnet^ 
are  now  rotated  120'  and  held  in  that  position^ 
the  resultant  magnetic  field  is  also  rotated  througl^ 
120^  The- pivoted  bar  magnet  will  turn  in  the 
same  direction  so  that  it  remains  aligned  with 
the  resultant  magnetic  field  of  the  three  magnets. 
This  illustrates  the  action  of  a  synchro  receiver.^ 

Three  d.c.  electromagnets  could  be  used  in 
place  of  the  three  permanent  magnets  mounted 
on  the  ring,  and  the  effect  on  the  magnet  pivote^i 
in  the  center  would  be  the  same.  By  feeding  the 
proper  amount  of  current  in,  the  proper  bar  magnet 
can  be  made  to  rotate  in  either  direction.  Thef 
permanent,  magnet  pivoted  in  the  center  coul^ 
also  be  replaced  by  an  electit^magnet.  ^ 

Because  synchros  operate  on  a^c.  voltages,  ti\e 
magnet  (Rl/R2)  pivoted  in  the  center  is  energized 
by  an  a.c.  source;  the  fixed  magnets  (Si,  S2,  S^) 
are  also  energized  by  the  a.c.  source  throu^ 
another  set  of  coils.  The  arrangement  is  shown 
in  figure  7-25. 

The  pivoted  electromagnet  will  react  in  the 
same  manner  as  the  bar  magnet  did  when  d.c. 
voltage  was  applied.  The  pivoted  electromagnet 
will  assume  a  position  that  depends  upon  the 
magnetic  field  established  by  the  stator  coils. 

If  115  volts  a.c.  is  applied  to  the  rdtois  at 
a  given  Instant  the  flux  takes  the  directions  shpwn 


by  the  arrows  in  figure  f-26.  Both  flux  loops 
cut  the  S2  winding,  but  only  one  cUts  the  Si  and 
S3  windings.  If  a  voltmetei  could  be  placed 
directly  across  the  S2  winding,  it  would  indicate 
52  volts;  across  the  Si  and  S3  windings  it  would 
indicate  26  volts.     ^  * 

The  coils  of  the  stafccxr  are  f-connected  (shown 
upside  down  in  theqe  illustrations).  The  stem  of 
the  X  is  one  coil  and  the  branches  of^the  Y  are 
two  other  coils.  They  have  a  comnion  connection, 
but   no   lead  is  broughf" out  Irdm  this  poihC 

SYNCHRO  SYSTEM  ^ 

Torque  synchro  transmitters  and  receivers 
are  used  often  in  ordnance  eqinprnent  to  transmit 
information  electrically  from  one  point  to  another. 
The  synchro  transmitter  sends  out  the  signal  and* 
the  synchro  Receiver  receives  iU^  ^ 

Thebe  synchros  are  connected' in  sych  a  w^y 
that  any  a^nountofrotationof  thetransn:)itter  rotor 
causes  the  r6tor  of  the  receiver  to  turA  the  same 
amojunt.  The  receiver  either  indicates  ^he  value 
of  the  signal  by  turning  a  dial,  as  shown  in 
figure  7-27,  or  positions  a  Vjight  mechanteal 
Toad,  Such  as  the  valves  shown  in  figure  7-28^ 

If  it  is  desired  that  a  director  control  a 
gun  by  use  of  a  torque  synchro  system,  the  transy 
mitter  rotor  will  be  geared  to  the  director  so  that, 
when  the  director  is  moved,  the  rotor  of  the. 
transmitter  is  also  moved.  An  electrical  signal, 
representing  the  amount  of  rotation  of  the  trans- 
mitter rotor,  is  transmitted  over  wires  to  a 
synchrb  receiver  located  at  the  gun.  This  signal 
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Figai"^  7-24.  —  PiVoted  bar  magnet. 


causes  the  rotor  of  the  synchro  receiver  to  turn, 
or  attempt  to*  turn,  the  same  amount  that  the 
trans/nitter  rqjpr  has  tufned.  If  the  synchro 
receiver  te  conneptecf  to  a  power  drive  through 
a  servo-system,  as  shown  in  figure  7-29,  it  will 
control  the  drive  and  .thereby  cause  the  gun  to 
turn  the  same  amount  as- the  director. 

In  synchro  transmission,  any  movement  of  the 
rotor  in  the  torque  synchro  transmitter  produces 
a  corresponding  movement  of  the  rofor  in  the 
torque  synchro^  receiver.  The  position  of  the 
rotof  of  a  gynchro  receiver  always  conforms  to 
the  position  of  the  rotor  in  a  synchro  transmitter. 
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Figure  7-25.~jl5^nchro  primary  magnetic  field. 
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Figure  7-26.  -  Effective  stator  voltages. 
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Figure  7-28,-  Torque  receivers  in  a  5** 
drive. 


If  reversing  the  direction  of  rotation  of  a 
receiver  becomes  necessary,  it  is  done  by 
interchanging  stator  leads  SI  and  S3, 82  represents 
electrical  zero.  .Changing  the  S2  lead  would 
introduce  an  error  of  l20^ 

ELECTRICAL  ZERO 

If  synchros  are  to  >vork  together  properjy 
^  in  a  system,  it  is  essential  tiiat  they  be  correctly 


RECEIVER 
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Figute  7-29.— Basic  synchro  system. 


connected  and  aligned  in  respect  to  each  other 
and  to*  the  o*ther  devices,  such  as  directors  and 
guns,  with  which  they  are  used.  Needless  to  say, 
the  bestof  ordnince  equipment  would  beineffective 
if  the  synchros  in  the  data  transmissjoii  circuit^. 
were  misaligned  electrically  or  mechanically. 
Since  synchros  are  the  heart  of  the  transmission 
systems,  it  only  stands  to  reason  that  they  must 
be  properly  connected  and  aligned  before  any 
satisfactory  shopting  can  be  e5q)ected. 

.  Electrical  zero  is., the  '^eference^  point  for 
alignment  of  all  synchro  units.  The  mechanical 
reference  point  for  the  units  connected  to  the 
synchros  depends  upon  the  particular  application 
of  the  synchro  system.  As' a  GM,  on  board  ship, 
yout  primary  concern  with  mechanical  reference 
point  will  be  the  centerline  of  the  ship  for  gun 
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tram  and  the  standaid  reference  plane  for  gun 
elevation.  Remember,  that  vy^atev^r  the  system, 
the  electrical  and  mechanical  reference  points 
must  be  aligned  with  each  other. 

A  typical  example  of  proper  alignment  is  a 
TX-TR  synchro  team  coupled  to  a  gun  director, 
so  adjusted  that  the  gun  position  can  be  read  on 
the  TR  dial.  The  gun  dirjgctor  i&  at  zero  when 
the  gun  pomts  directly  toward  the  ship's  bow 
(fig  7-30).  A  TX  is  coupled  mechanically  to 
the  xiirector,  and  a  TR  is  connected  electrically 
to  me  TX.  If  this  system  were  set  up  without 
paying  any  attention  to  the  position  of  the  TX 
rotor,  it  would  indicate  the  gun  position  accurately 
if  the  TR  dial  was'  set  on  zero  when  the  gun 
director  read  zfero.  If  th^  same  synchros  re-, 
mained  in  the  same  system,  it  would  not  be. 
necessary  to  position  them  more  accurately. 
Sometimes  TRs  and  TXs  become  defective  and 
must  be  replaced.  If  another  TX  were  put  int9 
this  system  without  checking  the  TR  dial,  its 
rotor  probably  would  be  positioned  differently 
from  that  of  the  original  TX.  TheTR^yould  follow 
the  new  'TX,  and  the  TR  dial  would  read  in- 
correctly.. To  oversome  this  difficulty,  a  zero 
t  degree  point  is  needed  which  is  standard  for  all 
synchros.  In  the  preceding  example  of  the  gun 
director,  the  system  first  should  have  been  aligned 
so  that  all  synchro  rotors  were  at  electrical 
zero,  and  all  dials  read  zero  when  the  gun 
director  was  onrzexo  degrees.  TJaen,  any  synchro 


could  be  replaced,  without  introducing  error  into 
the  system,  b>^  installing  the  new  synchro  with 
its  rotor  on  electrical  zero  when  the  gun  director 
was  on  zero  degrees.  The  electrical  zero  provides 
a  standard  way  of  aligning  synchro  units  when  they 
are  connected' together  in  a 'synchro  system. 

There  are  two  waysinwhich  this  alignment  can 
be  accomplished.  The  most  ciifficult  way  is  to 
have  -two  men,  one  at  the  transmitter  and  one  at 
the  receiver  or  control  transformer,  adjust  the 
synchros  while  talking  over  sound  powejred  tele- 
phones or  Some  other  communication  device.  The 
better  way  is  to  align  all  the  synchros  to  elec- 
trical zero.  Units  may  be  zertJed  individually, 
and  only  one  man  is  required  to  do  the  work. 
Another  advantage  of  using  electrical  zero  is  that 
trouble  in  the  system  always  shows  up  in  the  same 
way.  For  example,  in>^'a  properly  zeroed  TX-TR 
system,  a  short  circuit  |^om  52  to  S3  causes 
'all  receiver  dials  to  stop  at  60  or  240  degrees. 

In  summary,  zeroing  a  synchro  means  ad- 
justing it  mechanically  .  so  that  it  will  work 
properly  in  a  system  in  which  all  otter  synchros 
are  zeroed.  This'  mechanical  adjustment  is  ac- 
complished normally  by  physically  turning  the' 
synchro  rotor  or  stator.  Navy  Handbook  MIL- 
HDBK-225  (AS)  describes  standard  mounting 
hardware  and  give^  simple  methods  for  phys- 
ically adjusting  synchros  to  electrical  zero.* 


WHEN  DIRECTOR   IS  ON   ZERO  DEGREES... 
SYNCHROS  MUST  BE  AT  ELECTRICAL  ZERO 
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Figiire  7-30,  — System, zero. 
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ELECTRICAL  'ZERO  CONDITIONS 


Control  Transformers 


For  any  given  rotor  position  there  is  a 
definite  set  of  stator  voltages.  One  such  rotor- 
position-stator-voltage  condition  can  be  estab- 
lished as  an  arbitrary-  reference  point  for  all 
synchros  which  are  electrically  identical.  Spe- 
cific definitions  for  electrical  zero  are  given 
here, 

Transgfitters  A^d  Receivers 

A  synchro  transmitter,  CX  or  TX,  is  zeroed 
if  electrical  zero  voltages  exist  when  the  unit 
whose  position  the  CX  or  TX  transmits  is  set 
to  its  mechanical  reference  point,  A  synchro 
receiver,  TR,  is  zeroed  if,  when  electrical  zero 
voltages  exist,  the  device  actuated  by  the  receiver 
assumes  its  mechanical  reference  position.  In 
a- receiver  or^ other  unit  having  a  rotatable  stator, 
the  zero  position  is  the  same,  with  the  added 
provisions  that  the  unit  to  which  the  stator  is 
geared  is  set  to  its  reference  position.  In  the 
electrical  zero  position,  the  axes  of  the  rotor 
coil  and  the  S2  coil  are  at^  zero  displacement, 
and  the  voltage  measured  between  terminals  Si 
and  S3  will  be  minimum.  The  voltages  from  82 
to  Si  and  from  S2  to  S3  are  in  phase  with  ex- 
citation voltage  across  Rl  to  R2.  The  actual 
teiminuL voltages  should      as  follows: 

115-volt  Synchros     26-Volt  Synchros  . 


'Bl  to  R2  115  volts 
S2  te  Si  78  volts 
S2  to  S3  78  volts 


Rl  to  R2  26  volts 
S2  to  Si  10.2  volts 
S2  to  S3  10.*2  volts 


Si  to  S3  zero  volts   Si  to  S3  zero  volts 


Differential 


,  A  <lifferential  is  zeroed  if  the  unit  can  be 
inserted  into  a  system  without  introducing  a 
change  in  the  system^  In  the  electrical  zero 
position  the  axes^of  coils  .R2  and  S2  are  at  zero 
displacement  Terminal  \oltages  are  as  follows: 

11 5- Volt  Synchros 

Rl   to  R3  zero  volts 

51  to  S3      zero  volts 
R3  to   R2     78  volts 
S3  to  S2  78  volts 
R2  to   Rl  _78  volts 

52  to  ^1  78  volts  ^ 


26-Volt  Synchros 

mm^^Z  zero  volts 

51  to  S3  zero  volts 
R3  to  R2  10,2  volts 
S3  to  S2  10,2  volts  ' 
R2  to  Rl  10.2  volts 

52  to  Si  iq.2  volts 


A  synchro  control  transfornier  is  zeroed  if  its 
rotoj  vblt^e  is  minimum  when  electrical  zero 
voltages  are  applied  to  its  stator.  Turning  the 
CT's  shaft  slightly  counterclockwise  will  produce 
a  voltage  between  Rl  and  R2  Which  ia  in.phase 
with  the  voltage  between  Rl  and  R2jbf  the  CX 
or'  TX  supplying  excitation  to  •  the  <pT  stator. 
Electrical  zero  voltages,  for  stator  only,  are  the 
same  as  for  transmitters  and  receivers,  j 

^  ZEROING  PROCEDURES     "  ^ 

The  procedure  used  for  zeroing  depends  upon 
the  facilities  and  tools  available  and  how  the 
synchros  are  connected  in'the  system.  The  pro- 
cedures described  in  the  following  paragraphs 
show  how  synchros  may  be  zeroed  by  use  of  only 
a  voltmeter  and  neon  lamps;  two  lamps  and  a 
"headset,  synchro  testers,  or  other  synchros 
in  the  system.  When  zeroing  differentials  and 
control  transformers,  it  is-  nelpful  to  have  ^  a 
source  of  78  volts  (10;2  vgltsior  26- volt  units). 

Regardless  of  the  method  used,  there  are  two 
major  steps  in  each  zeroing  procedure:  first, 
the  coarse  (or  approximate)  setting,  and  second, 
the  fine  setting.  Many  units  aife  marked  in  such 
a  manner  that  the  coarse  setting  may  be  ap- 
proximated physically.  On  standard  units,  an 
arrow  is  stamped  on  the  franie*  and  a  line  is 
ma^rked  on  the  shaft  extension,  figure  7-3l, 

Zeroing  A  Transmitter  (CX  or  TX) 
Using  A  Voltmeter 

The  most  accurate  results  can  be  obtained  by 
using  electronic  or  precision  voltmeter  having 
0-to  250-volt  ranges.  On  the  O-'to  5-volt  range 
the  meter  should  be  able  to  measure  voltages 
as  low  'as  0,1  volt,  TV~zer(^  a  transijiitter, 
proceed  as  fallows:    '  ^ 

1,  Set  the  unit,  whose  position  the  CX  or  TX 
transmits,  accurately  in  its  ,zero  reference 
position,^  -  ^ 

2,  Remove  all  oth^r  connections  from  the 
transmitter's  stator  leads;  set  the  .voltmeter  to 
its  0-  to  250-volt  scale;  and  connect  as  shown 
in  figure  7-32A. 

3,  Turn  the  rotor  or.  stator  until  the  meter 
reads  about  37  volts  <15  volts  for  26- volt  units). 
This  is  the  approximate  zero  setting, 

4,  Connect  meter  as  shown  in  figure  7-32B, 
using  0-  to  5-  volt  scale,  , 

5,  Adjust  rotor  or  stator  for  null,  minimum 
reading,  s 
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ARROW  STAMPED 
ON-.  FRAME 


MARK  ON  SHAFT 
EXTENSION 


0-250  VOLT  RANGE 


:  ^  ^  -  S  84.343 

Figure  7-31.4- Coarse  electrtc^l  zero  markings. 

Zeroing  a  To^ue  Transnc^er  Using  A 
Receiver  Or  Synchro  TesteK^J  | 


n5VvOR26V>  R2 


COARSE  semNO 


-0- 


^,  0-5  VOLT 
SI  RANGE 
O- 


115V10R26V)  nz 



B  RNE  SETTING 


/Thts  method^is^eS|^rfedft,than  those  pre- 
viously de^cr-lbed  l}e^se  IJF.is  based  on  the 
assumption  tfiat  the  ottgr  i^chro  used  is  ac- 
curate, which  may  ^)^^0o]u^\vue.  Synchro 
Tester  MK  2  all  m6ds,%e^^^  in  Navy  Handbook 
MIL-HDBK-225  (AS),  is  not  sufficientlyiaccurate 
to  be  relied  dilf  without  question,  and  is  for  use 
on  115  volts,  6d  Hz  only.  A  receiver-  should 
,  also  be  checked  to  be  sure  it  is  at  electrical 
zero  when  its  'dial  reads  zero  or  the  reference 
value.  *  ' 

1.  Connect  the  receiver  or  synchro  tester  to 
the  transmitter  .as  shown  in  figure  7-33. 

2.  Set  the  unit  whose  position  the  TX  trans- 
mits accurately  iiHts  zero  or  reference  position. 
Turn  the  transmitter  until  the  receiver  or  synchro 
tester  dial  read^  0  degree.  The  transmitter  is 
now  at  approximate  zero  setting. 

3.  Momentarily  shoit  Si  .to  S3.  If  the  receiver 
or  synchro  tester  dial  moves  when  Si  is  shorted 
to  S3,  the  transmitter  is  not  zeroed;  shift  it 
slightly  and  try  agal'h.  When  the  TX  is  accurately 
zeroed,  clamp  it  and  reconnect  for  normal 
use.  If  the  receiver  dial  does  not  read  zero 
or  the  reference  value,  it  is  necessary  to  zero 

'  the  receive^.  '  . 


53,26 

Figure  7-32.  —  Zeroing  a  TX  or  CX  using  a  volt- 
meter. 

Zeroing  A  Torque  Receiver  (TR) 
With  A  Free  Rotor 

To  zero  a  torque  receiver  with  a  free  rotor, 
proceed  as  follows:  / 

1.  Disconnect  stator  leads  and  mote  normal 
connections  for  use  when  reconnecting. 

2.  Set  voltmeter  on  0-  to  250-volt  scale  and 
connect  as  shown  in  figure  7-34A. 

3.  Temporarily  connect  jumper  between  Si 
and  §3  as  sho\vn  by  dotted  line^in  figure  7-34A. 
Rotor  \vill  turn  to  0**  or  180  degrees.  If  meter 
reads  about  40  volts  (15  volts  for  26- volt  syn- 
.chros),  rotor  is  at  proceed  with  step  4. 
If  meter  reads  aboutl90  volts  (38  volts  for  26-volt 
units),  "rotor  is  at  l8Cf*';  with  jumper  disconnected 
between  Si  and  S3,  turn  rotor  to  approximate  zero 
setting'.  Reconnect 'jumper;  now  synchro  should 
go  to  0**;  if  meter  reads  40  volts  (15  volts  for 
26-volt  synchros),  proceed  with  step  4. 

4.  Connect  meter  as  shown  in  figure  7-34B, 
.  using  O-'to  5- volt  range. 
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Figure  7-33.  —  Zeroing  a  TX  by  using  a  TR. 
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5.  Adjust  rotor  or  stator  for  minimum  volt- 
meter readiiig. 

6.  Adjust  mechanical  response  (dial,  etc.) 
while  the  meter  reading  indicates  zero  or  mini- 
mum voltage. 

If  a  voltmeter  is  not  available,  two  115-volt 
neon  lamps  connected  in  series  may  be  substituted* 
for  determining  coarse  setting.  The  neon  lamps 
glow  when  the  synchro  is  in  the  180-degree 
position.  Two  115-volt  filament  lamps  of  6-watt 
rating  or  less  (two  small  24-volt  lamps  for  26^ 
volt  system)  may  also  be  used;  lamps*  minimum 
bri^tness  occurs  with  the  rotor  at  0**,  and 
maximum  bri^tness  ocburs  with  rotor  at  180 
degrees. 

Zeroing  A  Synchro  Receiver 
By  Electrical  Lock 

If  lead  connections  can  be  easily  removed, 
remove  all  stator  connections  and  reconnect  ^s 
shown  in  figure  7-35.  The  shaft  will  definitely 
turn  to  0  degree.  Set  the  dial  at  its  zero  or 
reference  position  while  the  receiver  is  connected 
this  way.  If  a  source  of  78  volts  (io.2  volts 
for  26-volt  units)  is  not  available,  115  volts 
(15  volts  for  26-volt  units)  may  be  connected 
to  Rl  and  R2  providing  it  is  not  left  connected 
in  this  manner  for  more  than  1  or  2  nfinutes. 
Operation  on  higher  than  rated  voltage  causes 
the  synchro  to  overheat. 

Zeroing  A  Differential  Trarfsmitter 
Using  A  Voltmeter 

A  differential  transmitter  may  be  most  ac-* 
Curately  zeroed  by  using  an  a-c  voltmeter  having 
0-  to  .  250  volt  and  0-  to  o5-volt  ranges.  The 
procedure  is  as  follows: 

1.  Set  the  unitfwhose  position  the  CDXor  TDX 
transmits,'  accurately  in  its  ?e.ro  or  reference 
position.     .   '  ^    .  '  '  ^ 


2.  Remove  all  other  connections  from  the 
differential  leads,  set  the  5K)ltmeter  on  its  0- 
to  2 50- volt  scale,  and  Connect  as  shown  in  figure 
7-36A. 

3.  Unclamp  the  differential  and  tura  it'  until 
the  meter  reads  minimum.  The  differential  is  now 
on  approximate  electrical  zero.  Reconnect  as 
shown  in  figure  7-36B. 

^  4.  Set  the  voltmeter  on  the  0-  to  5-volt  scale, 
and  turn  the  diflfefential  transmitter  until  a  null 
reading  is  obtained.  ,Clamp  the  differential  in 
this  position,  and  reconnect  all  leads  for  normal 
operation.      ^       •  ■  * 
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Fi^re  7-34.—  Zeroing  a  TR  v/lt^  a  free  rotor. 
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Figure  7-35.—  Zeroing  torque  recei\er  by  elec- 
trical lock. 
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Figure  7-36.  —  Zeroing  a  differential  transmitter 
using  a  vojlmeter.         ^  ^. 

Zeroing  A  Torque  Differential  Transmitter  Using 
A  Receiver  And  A  Torque  Transmitter 

The  transmitter  and  receiver  used  may  be 
part  of  the  system  in  which  the  differential  is 
used  or  separate  units,  such  as  Synchro  Tester 
MK  2  all  mods. 

1.  Check  to  see  if  the  differential  needs  to 
be  zeroed.  First  make  sure  the  trairBmitter  and 
receiver  are  correctly  zeroed  and  the  transmitter 
is  held  on  0®  during  adjustment.  Connect  as 
shown  in  figure  7-37.  If  the  receiver  shaft 
moves  when  jumper  A  is  connected  from  Si 
to  S3,  the  transmitter  is  not  O*';  recheck.  ^ 


2.  Set  the  unit,  whose  , position  the  TDX 
transmits  accurately  in  its  zero  or  i;eference 
position*  Unclamp  the  differential  and  turn  it 
until*  the  receiver  dial  reads  0  degrees.  The 
differential  is  now  approximately  on  electrical 
zero. 

3.  Connect  jumper  B  (fig.  7-37)  mpmentarily 
between  receiver  terminals  Si  and  S3,  and  dif- 
ferential terminals  Rl  and  R3.  If  the  receive;: 
shaft,  moves  wlien  jumper  B.is  conneciSl,  the 
differential  is  not  on  0**;  rotate  the  differential 
slightly  and  try  again.  When  the  differential 
is  zeroed,  clamp  it  in  position  and  remove 
jumpers. 

Zeroing  A  Torque  Differential  Receiver  Whose 
Rotor  Is  Free  To.  Turn 

When  a  TDR's  rotor  is  ndt  free  to  turn,  it 
is  necessary  to  use  one  of  the  methods  described 
previously  for  a  torque  or  control  differential 
'transmitter,  but  when  the  rotor  is  free  to  turn, 
they  may  be  connected,  as  shown  in  figure  7-38. 
Procedure  is  as  follows: 

1.  Disconnect  all  other  leads  from  differential. 
Tag  all  leads  so  normal  connectiobs  can  be 
easily  made  after  zeroing. 

2.  Connect  as  shown  in  figure  7-38 A.  The 
/    rotor  will  turn  to  either  0^  or  180®  v^en  a 

jumper,  shovm  by  the  dotted  line,  is  connected.  If 
the' meter  reads  about  28  volts  (6  volts  for  26-voIt  . 
synchros),  the  differential  is  on  approxinriate 
electrical  zero;  proceed  with  step  3.  If  meter 
reads  about  156  volts  (20  volts  for  26-volt  units), 
syiichrb  is  on  180**;  disconnect  the  jumper,  turn 
rotor  to  180%  and  reconnect  jumper  for  approxi- 
mate zerd  setting. 

3.  Change  the  connections  to  agree  with  those 
shown  in  figure  7-38B. 

'4.  Rotate  the  synchro  until  the  meter  reading 
is  minimum'. 


If  a  voltmeter  is  not  available,  two  115-voIt 
neon  lamps  connected  in  $eries  may  be  substi- 
tuted, for'll5-volt  units  only,  in  this  procedure. 
The  lamps  do  not  light  when  the  synchro  assumes 
the  electrical  zero  position,  but  do  light  when 
the  synchro  is  dn  180  degrees. 

Zeroing  A  Differential  Receiver 
Using  Two  Zeroed  Tr^smitters 

When  a  differencial  receiver  is  installed  and 
cannot  bet  easiljt^isconnectepl,  ^the  folldwing^ 
procedure^Hay  be  used:  — '  * 
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Figure  7-37.  —  Zeroing  a  TDX  using  a  TX  and  TR. 
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1.  Be  sure  that  twth  transmitters  are  zeroed 
and  set  in  their  zero  or  reference  positions. 

2,  Connect  temporary  juinpers  as  shown  in 
figure  7-39. 

3<,With  the  jumpers  connected,  unclamp/the 
differential  and  adjust  so  that  the  dial  on  TDR 
reads  ^ero  or  reference  value.  After  zeroing, 
clamp  the  differential  and   remove  jumpers. 

If  the  differential  receiver  moves  when  the 
jompers  are  connected,  the  transmitter  on  that 
P  side  is  not  set  to  0°  and  should  be  rechecked. 

Zeroing  A  Control  Transformer 
Using  An  A.C.  Voltmeter 

Using  a  voltmeter  with  0-  to  250-  and  0- 
to  5-volt  scale,  control  transformers  may  be 
zeroed  as  follows: 

1.  Remove  connections  from  control  trans- 
former and  reconnect  as  shown  in  figure  7-40 A. 

2.  Turn  the  rotor  or  stator  to  obtain  minimum 
voltage  reading.,^ 

3.  Reconnect  meter  as  shown  in  figure  7-40B, 
and  adjust  rotor  or  stator  for  minimum  reading. 

4.  Clamp  the  control  transformer  in  position 
and  reconnect  all  leads  for  normal  use.  , 
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Figure  7-38.  — Zeroii^  TDR  with  free  rotor. 


The  described  zeroing  methods  apply  to  all 
standard  synchros  and  prestandard  Navy  syn- 
chros. 

Before  testing  a  new  installation  and  before 
hunting  trouble  in  an  existing  system,  first  be 
certain  all  units  are  zeroed.  Also,  be  sure  the 
device's  mechanical  position*  corresponding,  to 
electrical  zero  position  is  known  before  trying 
to  zero  the  synchros.  The  mechanical  reference 
josition^  correspondir^  to  electrical  zero  varies; 
iierefore,  it  is  suggested  that  the  instruction 


books  and  other  pertinent  information  be  care- 
fully read  before  attempting  to  zero  a  particular 
synchfo  system. 

Troubles  In  synchro  systems  which  have  been 
in  operation  for  some  time  are  usually  of  two 
types.- 

1.  The  Interconnecting  synchro  wiring  often 
passes  throu^  switches.  At  these  points,  open 
circuits,  shorts,  and  grounds  may  occur.  GMs 
are  expected  to  trace  down  these  troubles  with  a 
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Figure  7-89,  —  Zeroing  a  tDR  using  two  zeroed  TXs. 
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Figure  7-40.  -  Zeroing  a  CT  using  a  voltmeter. 

meter.  An  open  circuit  can  found  by  checking 
for  continuity  between  two  points.  Similarly, 
a  ground  can  be  found  b>  checking  resistance 
between  the  suspected  point  and  ground.  A  reading 
of  zero  ohms  means  that  the  point  in  question 
Is  grounded. 

2i  The  synchros  themselves  may  become 
defective  due  to  open  and  short  circuits  in  the 
windit^,  bad  bearings,  woni  slip  rings,  or  dirty 
brushes.  The  recommended  remedy  for  this  type 
of  trouble  is  to  replace  the  synchro  and  return 
the  glsi  one  to  the  suj^y  department  if  they 
require  it  for  turn-in. 


Troubles  in  new  and  modified  synchro  systems 
are  most  often  caused  by  improper  wiring  or 
misalignment,  due  to  synchros  not  being  zeroed. 
GMs  'are  responsible  for  finding  and  corj^cting 
,these^  troubles.  Improper  wiring  ca^  be  checked 
with  an  ohmmeter  by  making  a  point-to-point 
continuity  *and  resistance  check*  Misalignment 
of  a  synchro  system  can  corrected  by  re- 
aligning the  entire  system. 

Aside  from  zeroing  and  troubleshooting'  the 
interconnecting  wiring,  the  two  important  points 
to  remember  about  -synchro  maintenance  are: 

» 

1.  ' If  the  synchro  works,  do  nol  tamper  with  it. 

2.  If  ,  the  synchro  is  defective,  return  it  to 
the  supply  department  if  they  require  it  for  turn-<in, 
and  replace  it  with, another  one. 

When  trouble  occurs  in  an  installation  con- 
tainii^  many  synchro  systems,  it  may  be  very 
difficult  to  isolate  this  trouble  to  one  particular 
system.  Since  it  is  vital  that  the  maintenance 
man  locate  the  point  of  trouble  and  fix  it  in  as 
short  a  time  as  possible,  indicators  to  aid  him 
in  locating  the  trouble  quickly  are  included  in 
the  equipment.  These  indicators  are  usually 
signal  lights  mounted  in  a  central  control  board 
and  connec^ted  to  the  various  synchro  systems. 
When  trouble  occurs  m  a  synchro  system,  the 
corresponding  indicatoi  li^t  flashes.  The  main- 
tenance man  c*in  then  identify  the  defective  sy  stem 
by  reading  the  name  or  number  adjacent  to  the 
light. 

Maintenance  And  Troubleshooting 
Synchro  Systems 

One  of  the  dutie's  aboard  ship  will  bp  to  keep 
the  synchro  systems  that  are  used  in  ordnance 
equipment  ' in  good  worlang  ordex.  This  means 
that  JGMs  must  be  familiar  with  the  do's  and 
don^  of^  synchro  maintenance  and  repair. 
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.  ^'  31ie  fcdlowing  is  a  list  of  actions  that  should 
hot  be  tak^,ru  ; 

J..  Do  not  attempt  to  zercf  a  synchro  system 
that  is  already  accurately  zeroed  because  of  a 
desire  f<jf  practice.  Quite  often  this  results 
in  niisali^iments. 

^  2.  Do  Tnot  attempt  to  take  a  synchro,  ^art, 
,even  if .  it-js  defective.  A  synchro  is  a  piece  of 
pjrecision  equipment  which  requires  special  equip- 
ment and  tiBchniques  for  disassembly.  If  the 
synchro  is  faulty,  return  it  to  the  supply  depart- 
mjgnt  if  they  require  it  for  turn-in,  and  draw 
a  replacement/ 

3.  Never  attempt  to  lubricate  a  synchro*^  A 
synchro,  ^unlike  an  electric  motor,  does  not 
require  ptriodic  lubrication*  ^ 

^  Signal  lights  indicate  either  overload  con- 
ditions or  blQ>vh  f6ses.  An  overload  Indicator 
is  actuated  by  excess  current  /lowing  in  the  stator 
windings.^n  ojae  form  of  indicator,  a  neon  lamp 
is  connected  fo  ^e  stator  leads  by  means  of  two 
transformers, ,  ^fig.  7;-4l).  The  primary,  con- 
sisting of  a  few  turns  of  ^heavy  wire,  is  in 
series  with  two  of  the  stator  leads;  and  the 
secondai3^,^onsisting  ,of  5  many  tairhs  of  fine 
wire,  is  in  series  with  the  lamp.  The  turn  ratio 
is  such  tft^at  when  excess  current  flows  throu^ 
the  stator  windings,  the  neon  lamp  lights.  For 
example,  when  the  , difference  in  rotor  positions 
exceeds  approximately  IS*',  the  larmp  lights,  in- 
dicating (Jiat  the  load  on  the  receiver  shaft  *is 
excessive 

1  Fuse  indicators  are  panel  lights  that  glow 
when  a  fuse  in  the  rotor  circuit  blows.  If  ex- 
cessive current  flows  in  the  rotor  windings  due 


to  a  short .  circuit  or  excessive  mechanical 
overload,  one  of  the  fuses  will- blow  and  the  neon 
lamp  across  that  fuse  will  light,  (fig.  7-42). 
Another  type  of  blown  fuse  indicator  uses  asm  Jl 
transformer  with  tWo  identical^  primaries  and  a 
secondary.  With  both  fuses  closed,  equal  currents 
flow  throu^  the  primaries  which  induce  mutually 
cancelling  voltage  in  the  secondary.  If  a  fuse 
blows,  the.  induced  voltage  from  one  primary  is 
present  in  the  secondary  and  the  lamp  li^ts. 

S^Tichro  maintenance  »in4  troubleshooting  is 
a  very  complex  undertaking  in  modern  ordnance 
equipment,  and  skilled  personnel  wi;th  ordnance 
rates  work  jointly  to  maintainthe  synchro  systems 
in  ^  lii^  degree  of  readiness.  Navy  Handbook 
MrL-HDBK-225  (AS)i  is  devoted  to  synchro  trou- 
bles and  should  be  used  during  analysis  of  s>rn.hro 
system  casualties.  The  tables  contained  in  thi^ 
publication  are  useful  tools  for  learning  the  many 
problems  that  may  exist  in  synchro  systems. 

If  the  casualty  exists  in  they  transmitter, 

all  receivers  will  be  affected.  If  the  casualty 

exists  in  a  receiver,  only  that  receiver  will  be 

affected,  except  in  the  case  of  shorted  s]tatpr 

leads,  when  all  synchros  will  be  affected. 
« 

.  A  list  of  synchro  casualties  and  effects  on 
a  typical  synchro  system  follows: 

1.  Si   anS  S3  shorted  -  Rotor  locks  on  0° 
orison  •  , 

2.  Si  and  S2  shorted  -  Rotor  locks  on  120''  or 
300^  ^  " 

3.  S2  and  S3  .shorted  -  Rqtor  locks  on  240''  or  ^ 
060^ 

4.  Si,  S2,  and  S3  shorted^ Rotor  spins. 

.   5.  Rl  o;r  R2  shorted— Rotor  aligns  as  090"  or 
270"  from  the  signal,  fuse  blows. 
6.  Rl  or  R2  open  -  Rotor  aligns  at  0"*or  180% 
proper  rotation,  poor  torque. 
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Figure  7-41. — Overload  stator  current  Indicator. 
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7.  Si  open  — Rotor  oscillates  over  Si  or  180^ 
from  Si. 

8.  S2  open  — Rotojr  oscillates  over  S2  or  180* 

fromS2.  C 

9.  S3  open  — Rotor  oscillates  ovfer  S3  or  180* 
from  S3.  .  '  \ 

JO.  Rl  and  R2  reversed— Rc^r^jgns  180* 
from  signal;  proper  rotatiSfe  good  torque. 

11.  Si  and  S2  reversed -Rotoi^igns  at  120* 
from  signal,  reversed  rotation,  good  torque.^ 

12.  S2  and  S3  reversed— Rotor  aligns- at  240* 
from  signal,  reversed  rotation,  good  torque. 

13.  Si  and  S3  reversed -Rotor  aligns  at  0*, 
reversed  rotation,  good  torque. 

Synchro  units  require  careful  handling  at  all 
Ume&.  Never  force  a  synchro  into  place,  never 
drill  holes  into  its  fl^ame,  never  use  pliers  on 
the  thieaded  shaft,  and  never  use  force  to  mount 
a  gear  or  dial  on  the  shaft. 


ELECTRON  TUBE  CIRCUITS 

Electron  tubes  are  of  many  types  and  desig- 
nations andperform  many  fuhctions.  They  are  used 
in  ordnance  equipnnent  to  control  power  drive 
circuits,  and  fuse  setting  circuits.  Basic  Elec- 
tronics explain^  in  detail  the  principles  and 
characteristics  jof  the  electron  tube  and  should 
be  studied  before  reading  this  section,  we  merely 
present  a  quick  review  of  electron  tubes. 

CHARACTERISTICS  OF  ELECTRON  TUBES 

.  The  parts  of  an  electron  tube  ^ich  directly 
control  current  flow  are  called  ''elements'*. 
The  heated  element  which  givps  up.  electrons  is 


called  the  *'cathDde>*.  The  ''plate"  of  the  tute 
when  it, has  a  positive  potential  attracts  electrons. 
The  "grid**,  mounted  between  the  cathode  and  the 
plate,  is  the  third  element.  The  voltage  applied 
*to  the  grid  controls  the  flow  of  electrons  throu^ 
the  tul)e. 

The  cathode  is  heated  by  a  filament  or 
resistance  wire  called  a  **heater**,  It  is  not 
considered  to  be  an  element  since  it  does  not 
directly  control  the  amount  of  current  flow  from 
,  cathode  to  plate. 

Four  of  the  most  common  electron  tubes  are 
shown  in  figure  7-43.  The  names  ot  the  four 
basic  types  are  taken  from  the  names  of  Greek 
numbers  and  give  the  number  of  elements  in 
each  tube.  For  example,  the  word  "penta"  means 
five,  and  a  pentode  has  five  elements:  a  cathode, 
a  plate,  and  three  grids. 

The  pentode  is  used  here  to  describe  one 
method  of  troubleshooting  tube  circuits. 

As  a  general  rule,  electron  tubes  do  not  have 
as  long  a  life  e:q)ectancy  as  resistors,  capacitors, 
and  other  electronic  circuit  components. 

To  provide  for  easy  removal  and  replacement, 
the  base  of  tiie  tube  is  constructed  in  the  form 
of  a  plug  that  can  be  inserted  into  a  socket. 
The  socket  is  mounted  on  the  chassis  that  sup- 
ports the  electronic  circuit.  The  electrical  con- 
nection between  the  tube  elements  and  the  circuit 
is  completed  throu^  the  tube  base  terminals, 
which  are  called  "pins**.  A  typical  rectifier 
tube  showing  the  tube^  base  and  pin  arrange- 
ment -is  illustrated  in  figure  7-44,.  Minature 
tubes  ^  differ  in  that  the  pins  are  mounted  in 
and  protrude  through  the  gi^s  envelope. 

Each  type  of  tube  base  has  some  kind  of  guide, 
key,  pin  arrangenierit,  or  (in  case  of  the  min- 
iature tube)  a  missing  pin  to  prevent  the  tube 
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^I^igure  7-42^  — Overload  rotor  current  iiriicators. 
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Figure  7-43.  — Basic  types  of  vacuum  .tube. 
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Assembled  diode  vacuum  tube. 


frotft  being  improperly  plugged  into,  the  socket. 
Bottom  views, of  typical  tube  bases  are  shown  in 
figure  7-45.  Of  the  five  types  illustrated,  the 
octal,  the  7-pin  miniature,  and  the  9-pin  min-^ 
iature  are  by  far  the  most  common. 

.For  ease  in  circuit  tracing,  electron  tube  pins 
are  all  assigned  numbers*  The  pins  are  numbered 
in  a  clockwise  direction  when  viewed  from  the 
bottom  of  either  the  tube  base  ot  socket.  On 
ti|bQS  with  a  key  or  gCiide,  such  as  the  octal,  pin 
#  1  is  always  thefirst pin  in  aclockwlse  direction 
from  the  key  or  keyway.  Minfature  tubes  (both 
7-pin  and  9-pih)  have  a  missing  pin  (wide  space) 
that  is  used  as  the  reference  point.  Pin  #  1  on 
these  tubes  is  the  first  pin  in  a  clockwise^  direc- 
tion from  th^  wide  space  between  pins.  The  4-pin 
and  6-pin  tubes  are  read  clockwise  with  second 
large  pin  identified  as  pin*l  (the  large  pins  are 
always  used  for  filaments). 

TESTING  ELECTRON  TUB^IS 

Electron  tubes  cause  more  than  50  percent  of 
.all  electronic  equipment  failures.  The  condition 
of  a  tube  c§Ln  be  determined  by  Substituting  a  tube 
known  to  be  good  for  the  questionable  one  5r  by 
testing  the  tube  with  a  tube  "tester.  Tube  tester 
TV-3B/U,  shown  in  figure  7-46/  is  a  portable 
tester  designed  to  test  and  measure  the  mutual 
conductance  of  electron  tubes  of  the  receiving 
t>pe,  and  manv  of  the  smalleiMLfijinsmitting  types. 
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•"igure  7-45.--  Base  types  and  numbering  systems. 


A  multimeter  section  is  incorporated  in  the  test 
set  which  permits  measurement  of  a.c,  and  d.c, 
volts,  d,c«  milliamperes,  and  resistance  and  ca- 
pacitance in  a  number  of  ranges*.  Rectifier  and 
diode  tubes  can  also  be  checked  for  emission^ 
Two  other  tube  tests  conducted  with  this  meter 
are  the  short  test,  (fot  shotts  between  tube  ele- 
ments) and  the  gas  tfesl.  For  short  tests,  a  neon 
lamp  glows  if  there  is  a  short  between  tubsje 
elements.  Basic  Electronics  explains  the  opera- 
tion of  TV-36/U. 

Keep  in  mind 'that  a  tube-testing  device^only 
ycompares  the  characteristic  of  a  given  tube  with 
values  established  as  standards  for  a  particular 
1  t3T)e  of  tube.  Substituting  a  good  tube  in  the 
'  equipment,  and  observing  the  performance  of  the 
equipment,  provides  the  most  reliable  evidence 
doncerning  the  condition  of  the  tube  in  question. 

If  a  circuit  is  not  restored  to  normal  when  a 
tube  is  replaced,  the  control  circuit  for  that  tube 
must  be  tested  for  faulty  components.  This  qan 
be  done  by  taking  voltage  or  continuity  tests  to 
pinpoint  the  casualty.  We  e:q>lain  just  one  method; 
taking  voltage  readings. 
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Figure  7-47,  — Schematic  diagram  qf  an  electron  tube  circuit. 
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TROUBLESHOOTING  TUBE  PIRCUITS  , 
USING  VOLTAGE  TESTS  % 
.  ',  ^-"^ 
\olt£^  tests  «are  taJcen  to  measure  d.c.  elec|^ 
trode  volta^^  These  measured  voltages  aae 
compared  to  standard  electrode  voltages  listed jn 
OPs*  and  ODs.  Any  significant  difference  between 
the  measured  voltage  indicates  a  casualty.  Tfi6 
OPs  and  ODs  give  test  points,  meter  specificii- 
tions,  st^dard  voltage  readings,  andtheprotjable 


causes  for  non-standard  volts^e  readings.  Th^ 
voltage  test  charts  are  good,  .and  th^y  ar<e  ac4 
curate.  Considerable  time  is  required,  however,  to 
make  all^e  voltage  te^ts  in  a^ven  circuit/ 
You  can  locate  a  casualty  much  faster  by  localizing 
the  trouble  to  one  stage>  ancl  tljen  using  voltage 
tests,  to  pinpoint*^a;^sualty. 

There  are  twa:things  to  remember  whenever 
you  make  voltisi^.  tests.  Firjst,  accept ]a  reason- 
able difference  between  the  m^ja^fed  voltage  and 
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the  standard  voltage.  This  reasonable  diffejrence 
allows  for  any  meter  error  or  any  error  due  to 
the  tolerance  of  the  parts  being  tested^  Second, 
follow  the  meter  specifications  in  the  test  chart. 

As  an  example ,  suppose  that  we  .use  a  volt- 
ohm-in|lliammeter  (VOM)  (fig.  7-6)  to  test  the 
pentode  V-5^shown  in  figure  7-47.  take  voltage 
tests  for  possibly  casualties.  ^ 

Notice  the  pin  numbers  at  each  electrode  in 
the  J6SJ7  (V-Sy  tube  shown  in  figure  7-47.  These 
^pin  nurtibers  tell  you  vW^e  to  connect  the  meter 
test  leads  lifted  on  the  voltage  test  charts.  Each 
el^dtrode  is  listed.by  a  pin  number. 

"  First  measure  tlje  Voltage  from  the  plate  of 
tube  V-5.  Connect  the  commoli  lead  of  the  VOM 
to  {he  chassis '^the  equipment  under  test;  touch 
the  other  lead  &  pin  8.  If  the  voltage  output 
is  too  hl^i,  move  the' test  prod  to  point  5  and 
read  the  voltage  from  R-23.  If  the  R-23  voltage 
al;so  is  too  high,  resistor  R-23  i^esponsible  for, 
the  high  reading  at  pin  8.  Probably  R-S3  has 
increased  in  value  due  to  a^ng.  You  have  pin- 
pointed the  casualty;  replace!  R-23.  Figure  7 
shoWs  just  the  first  stage  of  the  amplifie^ 
circuit  shown  in  figure  7-^47« 

^  On  the  other  hand,  if  the  R-23  vol^^e  measurer 
too  low',  tlie  tube  is  responsible.  Probably  the 


cathode  emission  has  decreased  due  jto  aging; 
,  replace  tube  V-5. 

There  are  other  casualties-  that  'could  be 
responsible  for  a  ^ligh  reading  at  pin  8,  An  open 
R-26  or  a  leaky  C-§ 'would  decrease  tl^e  scieen 
grid  voltage.  The  decreased  screen  voltage  would 
decrease  the  current  (I)  c^ugirig  the^  voUage 
reacting  at  point  8  to  be  high.  A  loss^resist- 
ance  in  R-25  could  also  cause  a  higfii  voltage 
reading  at  pii^  8.-  .  I 

To  test  for  a  leaky  capacitor  C-6,  measure  the 
screen  g^d  voltage  at  test  point  6  ^h^tube  V-5 
removed.  If  C-6  is  OK,  the  VOIVf  will  read  less 
than  a  standard  voltage. 

T^^ffor  an  open  R-26,  measure  the  screen 
grid  vp]»tage  at  point. 6  with  tube  V-5  in  place. 
If  R-26^^  is  OK,  the  voltage  at  test  point  6  will 
be  standard,  but  if  JR-26  "is  open,  the  VOM  will 
read  zef.o. '  * 

Now,  assume  fira^the  voltage  reading  at  test 
point  8  is  too  low*  You  measure  the  I/R  drop 
across  R-23  at  test  point  5;  If  the  voltage  at 
R-23  is  too  high,  you  know. that  too  much  current 
(I)  j.s  flowing  through,  tife  d.c.  plate  circuit. 
Too  much  current  could  ol  caused.by  a  losspf^ 
bias.  Siace  you  have  phecked  R-?3  iflready,  the* 
loss  of  bias  must  be  ih  the  ^rid  circuit.  With  a 
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sTgnal^put  to  tube  V-5,  measure  the  d.cr^oltage 
between  points  4|.and  5.  It  should  be  equal  to  the 
R-23  voltage  between  point  ^5  and*  ground.  If 
"the  grid  circuit  is  open,  the  bias  between  points 
'  4  and  5  reads  zei o  — probably  due.  to  an  open 
in  the  signal  input^circuit. 


An  increase  IrT  the  resistance  of  R-25  and 
R*"30  can  als6  cause  a  low  reading'  at  point  8. 
If  any  one^of^the  three  capacitors  C-4,  C-7, 
or  C-18  is  leaky  df^shojdted|»^e  voltage  atpoint 
8  will  decarease.  ' 

Heine's  a  quick  test  for  all  three  caj^acitors. 
Remove  tube  V-5  and  take  a  reading  l^tween 
point  8  'and  ground.  If  the  reading  is  less  than 
300  VDC,  one  of  the  capacitors  is  a  casualty. 

Pinpointing  by  voltage  tests  can  save  time, 
but  you  must  lye  able  to  reason  out  casualties. 
Always  refer  to  troubleshooting  charts  and  stand- 
ard voltage  charts  listed  in  OPs  and  ODs  related 
to  your  'equipment.  .  * 

.  This,  chapter  does  not  cover  all  types  of 
electric  and  electronic  components  used  with 
ordnance  equipment.  Chapter  8  of  this  rate  train- 
ing manual  explains  the  typ^  of  power  drives 
used  in  gun  mounts,  turret,  roijRet  and  missile, 
launchers.  These  power  drives  use  both  a.c. 
and  d.c.  motors  as  well  as  amplidyne  generators. 
Before  beginning  chapter  8  the  leader  should 
^tudy  two  basic  training  courses  related  to  the 
Subject  matter  covered  in  chapter  8*  Basic 
Electricity  and  Basic  Llectronics  provide  a  broad 
background  which  should  ^enable  tl>e  Gunner's 
Mate  to  understand  the'eleqtrical  and  electronic 
components  used  with  power  drive  equipment. 


SAFETY 


bome  commoa  Safety  fe^itures  of  electrical  or 
electronics  equipment  are,  interiocK  switches, 
bleeder  resistors,  current-limiting  resistors, 
insulating  controls,  and  powerline. safety  devices 
(such  as  fuses).  Keep  in  mind  that  these  features 
^»  citTinot  alway*s  be  .relied  u(K)n  to  function.  Don't 
develop  a  false  sense  of  sfecurity  jus? because  an 
equipment  *lias  safety  features.  The  following 
list  of  safeiy  precautions  will  help  prevent  elec- 
tric shock  or  burn^  when  working  on  or  near 
electrical  or  electronic  equipment. 

l»*Do  ipt  block  high  voltage  protective  cutout 
on  doors  oi  cov,ers  to  keep  the  circuit  energised 
with  the  L'Over  off.  -ft      intended  that  work  tje 


2.  Aiways  ground  the  provided  ground  lead 
located  at  the  plug  of  portable  tools  such  as 
electric  drills  to  protect  yourself  from  shock  in 
case  a  grpund  occurs  within  the  tool. 

3^  Always  be  sure  tihat  all  condensers  (capaci- 
♦tor^  are  fully  discharged  before  commencing 
work  on  a  deenergized  high  voltage  circuit.  Use 
an  insulated  shorting  bar  for  this  purpose. 

4.  ^  Tag  the  switclfOPEN  (open  the  switch  and 
place  ^  tog  on  it  stating  **This  circuit  was 
ordered  open  for  repairs  and  shall  not  be  closed 
except  by  direct  order  of  at  the 

.switchboard  supplying  power  to  the  circuit  on 
which  you  wish  to  work.  When  possible,  remove 
the  fuses  protecting  the  circuit  and  place  them 
in  your  tool  box  for  safekeeping  until  the  job  is 
complete. 

5.  Always  remove  fuses  with  fuse  pullers,  and 
never  remove  fuses  until  after  opening  the  switch 
Connecting  the  circuit  the  source > of  supply. 
Never^  replace  a  fuse  with  one  LABGER  than  the 
circuit  is  designed  to  take. 

6.  Observe  utmost  caution  when  inspecting 
behind  an  op^n-back  switchboard  in  an  energized 
state. ' 

V.  Never  use  an  incandescent  test  lamp  unless 
its  'voilagc  rating  is  greater  than  the  highest 
voltage  which  may  be  tested. 

8.  Always  test  a  supposedly  deenergized  cir- 
cuit with  a  voltage  tester  before  com Tiencing  work 
on  the  circuit. 

9.  Never  work  on  an  electric  circuit  or  network 
without  first  thoroughly  acquainting  yourself  with 
its  arrangement  and  with  its  points  of  p6werfeed. 

Electric  shock  may  cause  instantdeathor  may 
cause  unconsciousness,  cessation  of  breathing, 
^*  and  burns.  If  a  60-Hz  alternating  current  is 
passed  through  a  person  from  hand  to  hand  or 
head  to  foot,,  tiie  effects  when  current  is  gradually 
increased  from  ^ero  are  as  follows: 

1.  At  about  1  milliampere  (O.OOl  ampere)  the 
shock  6an  be  felt. 

2.  At  about  10  milliamperes  (0.010  ampere)  the 
shock  is  severe  enough  to  paralyze  muscles  so 
that  a  person  is  una^i^^to  release  the  conductor. 

3.  At  about  lOO  milliamperes  (0.100  ampere) 
the  shock  is  7atal  if  it  lasts  for  one  second 
ox  more.  •  . 

It  is  important  to  remember  that  current  is 
the  shock  fuctqr  rather  thaa the  amount  of  voltage^ 
VtiU  should  clearly  understand  that  the  resist- 


^ierfoimed  un'such  eljiUrical  equipment  while  the  ,ance  of  the  human  body  is  not  great  enough  to 
circuit  is  deenergized.  prevent  fatal  shock  from  a  voltage  of  as  low  as 
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115v,  In  many  cases,  voltages  less  than  llSv 
are  fatal.  When  the  skin  is  dry,  it  has  a  hi^ 
resistance.  The  resistance  may  be  high  enou^ 
*td  protect  a  person  fronl  fatal  shock.even  if  one. 
hand  torches  a  high'  voltage  while  another  part 
of  the  body  touches  the  chassisor  another  ground. 

Contact  resistance  decreases  wh^n  the  Skin  is 
moist  and  body  resistance  may  drop  to  as  low 
as  300  ohms.  With  this  low  resistance,  it  can 
be  seen  that  a  very  low  voltage  could  suppl>  enou^ 
current  to  cause  death. 


L'nder  no  circumstance'  should  any  perspn 
reach  into  any  equipment  or  perform  any  work 
in  lethal  voltage  axeas  without  the  presence  of 
at  least  on  person  capable  of  giving  aid  in  the  event 
of  an  accident.  '      -  - 

A  worthwhile  publication  on  electrical  safety- 
in  NAVSHIPS  250-660-78,  ''How  to  keep  ELEC- 
TRICITY from  killing  you'\  .The  pamphlet  graphi- 
cally points  out  the  dangers  of  ejectric  shock, 
and  how  to  avoid  It.  It  furthei*  points  out  the 
pitfalls  when  working  with  electricity,  and  how  to 
avoid  Uiem, 
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CHAPTER  8 

ELECTRO-HYDRAUIIC  POWER 
DRIVE  FUNDAMEKTALS 


ORDNANCE  HYDfL\ULlCS 

Alaintftirung  the  hydraulic  systems  in  peak 
opexating  condition  is  a  major  part  of  your  work 
as  a  G^JG.  The  niore  you  understand  how  hydraulic 
systenis  work,  the  better  able  you  will  be  to 
keep  theni  working.  It  is  not  the^intenf  oi  thi^. 
chapter  to  cover  all  phases  of  hydraulics^  but 
to  present  inforntation  ,on  the  application  of 
hydraulics  to  ordnance  equipnient.  We  will,  how- 
ever, e:q2lain  the  hydraulic  theory  of  operation 
of  nian>  punips,  valves,  and  oUier  hydraulic 
nieuhanisnis  used  with  naval  guns.  For  the 
fundamental  concept  in  the  field  of  hydraulics, 
it  IS  reconimended  that  you  read  chapters  2,  4, 
8,  and  13  of  Fluid  Power,  NAVPERS  16193-B. 

In  the  Navy,  hydraulic  equipment  and  appli- 
cations of  hydraulic  principles  surround  you 
everywhere.  As  a  Gunner's  these  are  of 

primary  importance  to  you.  In  most  gun  mounts 
hydraulic  equipnient  is  used  in  power  rammers, 
training  and  elevating  gear,  airimunition  hoists, 
and  niany  other  types  of  animuijition  handling 
equipment.  Although  these  applications  differ 
widely  in  purpose,  they  all  depend  on  the  same 
hydraulic  principles.  You*ll  find  too  that,  although 
soni^  of  these  niephanisms  may  be  fairly  com- 
plex, when  taken  as  a  whole,  even  a  complex 
one  is  in  reality  a  system  composed  of  a  niimber 
of  relatively  simple  mechanical  components.  Once 
you  grasp  their  basic  principles  and  see  how 
these  simple  components  work  together',  you  will 
be  able  to  understand  the  workings  of  an  entire 
system.  In  this  section  of  the  chapter  we  expl'ain 
some  hydraulic  as  well  as  electrical  functions 
of  power  driyes.  If  you  understand  this  section 
on  hydraulics,  you  will  be  better  equipped  to 
understand  how  power  drives  work  and  also  Will 
'be  al^e  to  maintain  and  repair. hydraulic  equip- 
ment. 

PHYSICAL  PROPERTIES  OF  LIQUIDS 

The  term  ••hydraulics**  stems  frofh  the  Greek 
word  for  water.  In  earlier  tinies^  hydraulics  was 


a  study  of  the  behavior  of  water  in  motioi\.  Today, 
however,  the  meaning  of  hydraulics-  has  been 
broadened  to  cover  the  physical  properties  of  all 
fluids  and  especially  the  oils  which  are  used  so 
extensively  in  our  hydraulic  systems. 

Hydraulic  principles  have  been  ^employed  for 
many  yesirs  to  serve  mankind,  mainly  as  a  means 
^*of  power  to  operate  machinery.  During  more 
modem  times,  hydraulic  applications  have  been 
broadened  and,  during  the  course  of  each  day, 
may  be  seen  performing  functions  suchas raising 
barber  chairs,  providing  power  for  car  brakes, 
door  scops,  and  for  the  more  complex  ordnance 
systems. 

Blaise  Pascal,  a  French  scientist,  IfCid  the 
foundation  for  modem  hydraulics.  During  his 
experiments  with  fluids,  he  discovered  that  pres- 
sure, syhen  applied  tg_  a  liquid  in  a  container^ 
is  transmitted  equally  in  all  directions  of  the 
containing  surfaces. 

This  law  is  used  constantly  in  our  hydraulic 
applications  and  must  be  thoroughly  understood 
by  each  of  us  who  are  concerned  with  hydraulic 
principles. 

^The  properties  of  liquids^are  very  important 
in  hydraulic  applications.  They  must  be  thoroughly 
understood  to*  know  the  behavior  of  liquids. 

Shapelessness 

Shapelessness  is  a  valuable  property  of  a 
liquid  when  it  is  uSed  in  a  hydraulic  system. 
This  property  permits  the  liquid  to  be  led 
through  a  pipe  or  tube  and  to  be  moved  by  a 
pressure  pump,  piston,  or  by  gravity. 

Incompressibility  ip  another  property  which 
is  very  valuable  in  hydraulic  application.  This 
permits  work  to  be  accomplished  either  directly 
or  remotely  with  less  loss  of  motion  than  can  be 
obtained  from  a  purely  mechanical  system..  .  * 


Density 

The  term  ••density**  means  ^yeight  per  unit 
of  volume.  For  our  purposes,  weight  will  normally 
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be  e:q)ressed  in  pounds  per  cubic  foot  or  cubic 
inches.  For  example,  fresh  water  weighs  62,4 
pounds  per  cubic  foot,  but  oil,  being  less  dense, 
Wei^s  50  pounds  per  cubic  foot.  Using  water  as 
a  standard,  the  specific  gravity  of  a  liquid  is 
the  number  of  times  a  volume  of  that  liquid  is 
as  heavy  as  an  equal  volume  of  water.  For 
example,  if  a  derlain  type  of  oil  has  a  specific 
gravity  of  0.75,  it  is  only  three-fourths  as  heavy 
as  an  equal  volxune  of  water.  Specific  gravity  of 
liquid  is  found  by  taking  the  weight  of  a  pertain 
volume  of  liquid  and  dividing  it  by  the  weight  of 
an  equal  volume  of  wetter. 

Liquid  Head  . 

^At  any  level,  the  pressure  due  to  a  liquid's 
weight  depends  upon  the  vertical  height  of  liquid 
from  that  leyej  to  the  sittlace^'of^ the  liquid.* 
The  vertical  ffi stance  tjetween  two  horizontal 
levelG  of  a  liquid  is  known  as  the  head  of  the 
liquid.  If  the  surface  in  a  supply  tank  is,  for 
example,  144  feet  above  a  spigot  connected  to  it, 
the  water  head  is  144  feet.  Such  a  water  head 
produces  a  pressure  of  62.4'  pounds  per  square 
inch',  because  d  water  column  of  one  inch  cross- 
sectional  area  has  a  volume  of  one  cubic  foot  if  it 
is  144  feet  highu 

ADVANTAGES  bF  HYDRAULIC  SYSTEMS 

Hydraulic  systems  have  numerous  adva^itages. 
Of  considerable  importance  is  the  fact  that 
commonly  used  hydraulic  systems  are  economical 
to  opei'ate.  Hydraulics  eliminate  the  need  for 
complicated  feiystems  of  gears,  cams,  and  levers. 
Motion  can  be  transmitted  ^Vithout  the  normal  lost 
motion  found  in  mechanical  parts.  The  use  of 
fluids  such  as  oilTeduves  the  «caronequipn.ent, 
and  it  is  not  subject  to  breakage  as  are  mechanical 
parts.  Also,  p'arts  of  the  ^stem  can  be  located 
at  different  points  with^ljttle  loss  of  force. 
Small  forces  can  controlli^uch  larger  forces, 
partially  because  of  the  easg  in  transmitting  this 
force.  Finally,  the  system,  if  properly  used, 
provides  uniform  and  flexible  control,  despite 
variations  of  the  load. 

^  Hydraulic  ^stems  also  have  disadvaiitages. 
When  used  as  txaln  smd  elevation  power  drives, 
these  systems,  onust  be  located  on  the  rotating 
structure  *of  the  gun  mount,  whereas  most  of  the 
amplidyne  power  drive  equipment  is  located  off 
the  mount.  Hydlraulic  systems  also  require  hy- 
draulic tubing  to  interconnect  components  of  the 
system.  The  tubing  and  other  hydraulic  com- 
ponents tend  to  clutter  up  .the  equipment  space, 


causing  bottlenecks  during  upkeep  and  repair. 
Another  disadvantage  of  hydraulic  sj^stems  is 
fluid  leakage,  which  is  almost  impossible  to 
prevent  and  which  creates  upkeep  problems. 

Hydraulic  systems  also  affect  the  scope  of 
training  necessary  for  equipment  maintencmce. 
For  example,  personnel  wfio  maintain  aniplidyne 
powel:  drives  need  training  in  electricity,  elec- 
tronics, £ind  mechanics.  Personnel  whb  niaintain 
hydraulic  systems  not  only  require  traimng  in 
electricity,  mechanics,  and  hydraulics,  but  also 
may  require  as  much  training  in*  electromc&  as 
those  who  maintain  amplidyne  power  drives. 

FORCES  IN  HYDRAULIC  SYSTEIVIS 

A  knowledge  of  basic  hydraulic  formulas  is 
essential  to  understanding  the  principle&  of  hy- 
'  dr&uli<fi^.'Thfe  ba^ic  fcirmtSas  and  lawV  pertaining 
to  hydraulics  are  covered  in  Fl^ud  Power,  NAV- 
EDTRA  16193-B,  so  will  not  be  discussed  here. 
It  is  recommeiTded-that  you  read  the  applicable 
chapters,  in  Fluid  Power  to  help  vou  better 
understand  the  principles  of  hydraifucs  before 
proceeding  with  this  chapter. 

Vacuum 

The  term  vacuum  and  atmospheric  pressure 
are  uped  quite  frequently  in  hydraulics.  Vacuum 
is  a  space  entirely  without  matter.  Since  it  is 
difficult  to  form  a  perfect  vacuum,  a  partial 
vacuum  is  used'  in,  hydraulics  to  prime  pumps. 
This  is  doneb>  causing  an  unbalanced  atmo&pherio 
pressure.  * 

Atmospjieric  Pressure 

Atmospheric  pressure  is  the  weight  of  the 
air  where  we  live  and  is  14.7  psi  at  sea  level. 
Theoretically,  by  using  a  combination  of  partial 
vacuum,  and  atmospheric  pressure,  water  can  be 
lifted  34  feet  at  sea  level,  but  the  practical 
limit  is  approximately  28  feet.  Since  oilis lighter 
than  water,  the  theoretical  distance  that  it  can  be 
lifted  is  37  feet,  although  in  actual  practice  28 
feet  is  the  usual  limit. 

LIQUIDS  IN  MOTION 

f 

A  .flo^ving  liquid  always  .has  two  energies, 
present,  pressure  energy,  which  overconiesfric- 
tion,  and  velocity  energy,  which  completer  work 
^because  of  its.  own  work  and  motion.  For  exaniple, 
consider  a  dam  thai  holds  bauk  a  body  oi  water.  If 
a  wheel  is  placed  at  an  outlet  and  then  connected 
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to  a  generator  shaft,  the  liquid  will  rush  out, 
turn  the  wheel,  and  cause  the  generator  to 
generate  electricity. 

Volume.^ of  flow  is.  the  quantity  of  liquid  that 
will  pass  ascertain  point  in  a  given  time.  While 
volume  of  flow  can  be  stated  in  cubic  feet  per 
minute  or  gallons  per  minute,  it  is  usually 
expressed  as  gpm  (gallons  per  minute). 

Velocity  of  flow  is  the  rate  of  speed  at  which 
a  liquid  IS  moving  past  a  particular  point,  usually 
stated  in  feet  per  second  (fps).  As  an  area  or 
cross  section  of  pipe  decreases,  the  velocity  of 
flow  mcreases.  When  velocity  increases,  pres- 
sure decreases  as  lllvistr^d  in  figure  8-1. 

At  entrance  A,  the  pressure  is  100  psi,  but  in 
the  Ventun,  V',  the  pressure  drops  to  approxi- 
mately 50  psi.After  the  liquid  passes  through  point 
„  Vf  the, ^^^tej:^9f  pifi^ gradji^^  returns  t9|.^ 
its  normal  size,  and  the  guage  at  B  again  reads 
100  psi^ 

A  turbulent  flow  usually  results  when  the 
velocity  of  flow  becomes  too  great  or  the  passage 
becomes  restricted.  Turbulence  >?-J^e  effect  of 
eddies  and  whirlpools.  Care  is  talten  to  minimize 
turbulence  in  hydraulic  systems  by  using  mod- 
erate pipe  bends  and  valves  designed  to  offer  as 
little  resistance  to  flow  as  possible.  To  get  a 
smooth  or  umform  flow  in  hydraulic  systems, 
small , streamlined  pipes,  low  velocity  of  flow, 
and  moderate  bends  are  used. 

Some  of  the  factors  that  govern  fluid  flow  are 
gravity,  atmospheric  pressure,  applied  force, 
inertia,  and  friction, 

'  Gravity  is  the  force  exerted  by  the  estrth  on 
all  objects,  tending  to  pull  them  to  the  center 
of  the  earth. 

Inertia  is  a  term  for  that  property  of  matter 
by  which  it  will  remain  at  rest  or  in  uniforn) 
motion  in  a  straight  line  unless  acted  upon  by 
some  external  force. 

Atmospheric  pressure,  which  acts  on  liquids 
either  at  rest  or  in  motion,  acts  whenever  any 
part  of  the  hydraulic  system  is  e;q)osed  to  the 
open  air.  This  pressure  occurs  because 'air  has 
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Pgure  8-1.— Pipe  venturi. 


weight,  ai\d  since  oil  is  a  fluid,  this  pressure  is 
exerted  equally  in  all  directions  as  the  molecules 
move  freely.  ^ 

FRICTION 

A  force  that  opposes  'the  motion  of  one  body 
over  another  is  friction.  It  is  due  to  the  irreg- 
ularities in  the  contacting  surfaces  and  to  the 
deformation  of  the  contact  surfaces  that  is  caused 
by  pressure.  Friction  makes  the  work  input  to 
a  hydraulic  system  slightly  greater  than  the  useful 
work  accomplished  by  it.  Hydraulic  equipment 
is  designed  to  keep  friction  at  the  lowest  level 
by  maintaining  a  desirable  velocity  of  flow  within 
the  system,  having  clean,  smooth  pipes,  laying 
pipes  along  the  most  direct  route  while  avoiding 
sharp^  bendf,.  ^d^u^ingj^valyes  ^^d 
interrupt  the  ilow  aslittle  as  possible.  Tne  system 
is  so  desigAed  that  variations  from  normal 
operation  can  be  easily  <^etected  and  reinedied. 

When  liquid  flow  in  a  pipe  is' suddenly  halted 
by  a  closing  valve,  the  inertia  of  the  liquid 
causes  a  sudden  high  pressure.  The  immediate 
effect  is  something  like  a  hammer  blow  which 
results  in  clanking  sounds. Thishigh pressure  can 
cause  vibrations  that  arei  transmitted  throughout 
the  system  at  approximately  one  mile  per  second, 
alternately  stretching  and  compressing  the  pipe; 

The  appropriate  method  to  be  used  in  the 
elimination  of  water  hammer  in  a  particular 
system  is  prescribed  in  pertinent  publications. 
Methods  and  procedures  found  in  these  publi- 
cations must  be  strictly  followed. 

PROPERTIES  OF  HYDRAULIC  FLUID 

In  addition  to  the  qualities  of  incompress- 
ibility  and  fluidity,  the  following  properties  are 
necessary  to  meet  the  particnilar  requirements 
of  modern  hydraulic  systems. 

A  high  degree  of  chemical  stability  is  nec- 
essary in  a  fjuid  that  is  subjected  to  prolonged 
periods  of  use  at  high  temperatures.  Fluifls  may 
break  do\yn  if  exposed  to  air,  water,  salt,  or 
other  impurities,  especially  if  they  are  subjected 
to  heat  or  kept  in  constant  motion. 

An  ideal  oil  would  be  free  from  acid  and  be 
noncorrosive  so  that  the  metals  used  in  the 
system  would  not  be 'adversely  affected.  . 

If  the  oil  is  contaminated  by  impurities  (acids, 
,  sludges,  or  gums)^.  carbon  deposits  will  form  and 
will  cause  vMves  and  pistons  to  stick. 

Straight  mineral  oils  dotiotremaincompletely 
noncorrosive  under  $evere  operating  conditions. 
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Certain  chemical  additives  or  inhibitors  are* 
often  dissolved  in  an  oil  to  improve  its  cheniical 
and  physical  behavior.  These  additives  result 
in  a  fluid  with  improved  characteristics  for  a 
limited  time.  Such  oil  however,  often  is  .sub- 
ject to  more  rapid  deterfofation  than  would  have 
been  -the  x;ase  if  the  additive  was  not  used. 
Additives  are  necessary  in  a  fluid  required  to 
withstand  the  severe  conditions'  encountered 
aboard  ship. 


Pour  Point 

Pour  point  of  liquid  is  the  temperature  at 
which  an  oil  will  congeal  or  solidify  and  cease  to 
pour.  The  pour  point  of  a  hydraulic  fluid  used 
should  be  at  least  30®  F.  lower  than  the  minimum 
»  tem|)eratifre  tO'  b^  encountered  when  using  ^he 
system.  A  low  pour  point*is  normally  desired. 
As  the  pour  point  is  neared  by  a  hydraulic  fluid, 
the  viscosity  of  the  fluid  tends  to  increase,  re- 
sulting in  sluggish  operation  of  the  hydraulic 
system. 

Flash  Point 

Flash  point  is  the  temperature  of  an  oil  at 
which  the  fumes  or  vapors  that  are  given  off  vvill 
ignite  or  flash.  Minimuni  flash  point  occurs  when 
the  Vapors  will  flash,  while  the  maximum  flash 
point  is  reached  when  they  burn  steadily.  Hy- 
draulic fluids  mast  withstand  the  high  operating 
temperatures  that  'are  encountered  during  long 
periods  of  operation. 

Viscosity  and  Viscometers 

Viscosity  of  a  liquid  is  the  resistance  to  flow. 
This  is  an  ^inherent  characteristic  due  to  its 
physical  properties,  fluids  which  offer  high 
resistance  to  flow  are  said  to  have  a  high 
viscosity,  whereas  those  that  flow  more  easily 
under  the  same  temperature  conditions  fiave  low 
viscosity.  Viscosity  increases  with  a_^s£j:ea&e 
in  temperature. 

A  desirable  fluid  for  cold  weather  operations 
would  be  one  with  a  low,  flat  viscosisty .  An  oi^ 
has  a  flat  viscosity  if  a  wide  variation  in 
te.mperature  produces  only  k  niininium  change  in 
resistance  to  flow. 

A  viscometer  is  used  to  determine  the  viscos- 
ity of  a  fluid.  The  viscosity  index  is  a  nun.crical 
indication  of  the  degree  of  change  in  viscosity 
caused  by  a  change  temperature. 


The  lower  the  viscosity .  ind§x,  the  greater 
the  variations  in  viscosity  with  changes  in  teni- 
perature.  These  variations  niay  range  from  above 
100*'  F.  to  below  0**  F.  For  example,  oil  with  a 
viscosity  index  of  12  show  s  less  change  in  viscosity 
with  changes  in  ten^perature  than  does  oil  with 
a  viscosity  index  of  10. 


HYDRAULIC  MECHANISMS 

Hydraulic  systems  have  a  number  of  favorable 
characteristics.  They  are  smooth  and  flexible  in 
operation.  They  can  efficiently  transmit  force 
in  any  direction  or  around  corners  without  the 
need  for  gears,  cams,  or  levers..  They  can 
provide  a  mechanical  advantage  in  either  linear 
or^otary  mov^e^^s.j  ^  .      x  ^    .-U  i »  * 

A  basic  ny^draulic  system  consists  of  a  re- 
servoir, a  motor-d^'iven  pump,  a  valve  group,  a 
hydraulic  cylinder  (or  motor),  a  series  of  lines, 
manifolds  and  associated  components. 

The  reservoir  is  a  container  to  hold  the 
necessary  supply  of  hydraulic  fluid  for  operation 
of  the*system.  When  the  system  is  in  operation, 
hydraulic  fluid  leaves  and  returns  through  the 
reservoir  outlet  and  inlet  lines. 

The  pump  is  the  heart  of  the  hydraulic  system. 
A  pump  draws  hydraulic  fluid  from  the  reservoir, 
circulates  it  through  the  sys^^m  and  returns  it 
to  the  reservoir. 

A  valve  is  a  control  that  governs  the  quantity, 
pressure,  or  direction  of  fluid  flow^  A  typical 
hydraulic  system  uses  several  tyx>e&  of  valves. 

A  hydraulic  cylinder  conyerts  hydraulic  energy 
supplied  by  the  pump  into  linear  mechanical 
motion;  a  hydraulic,  ipotor  converts  hydraulic 
energy  into  rotary  mechanical  motion. 

The  various  lines  and  manifolds  connect  the 
components  of  hydraulic  system  for  distribution 
of  the  hydraulic  fluid,  . 

ORIFICES 

An  orifice  is  a  constriction  in  a  fluid  passage 
limiting  and  regulating  the  flow  rate.  Because 
of  their  inherent  damping  effect,  orifices  also 
are  used  to  mininiize  pulsations  of  .shock  waves 
in  the  hydraulic  system^ 

The  moM  common  type  of  orifice  is 'siniOly  a 
small  hole  joining  two  fluid  passages.  Often  an 
orifice  IS  drilled  through  a  threaded  plug  that 
is  screwed  into  an  opening  between  the  fluid 
passages.  Thus,  by  inserting  plugs  with  different 
sized  orifices,  the  flow  o;an  be  changed.  . 
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Another  frequently  used  jorifice  is  the  spiral 
orifice.  This  type  has  a  spiral  groove  around  the 
Circumference  of  a  rod-like  plug  arid  the  plug 
is  snugly  fitted  into  the  bore  of  a  fluid  passage. 
Since  the  flow  of  hydraulic  fluid  niust  follow  the 
spiral  groove,  the  groove's  dimension  (including 
effective  length  and  contour)  deternunes  the  flow 
rate. 

VALVES 

Valves  may  be  operated  in  a  number  of  ways— 
manually,  mechanically,  electrically,  pneumat- 
ically, or  hydraulically.  Some  valves  can  be 
operated  in  more  than  one  way. 

Check  Valves 

-••Check^  valves  (ftg<^8-2),  commori^..  used 
thioughout  a /hydraulic  system,  allow  fluid  to 
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Figure  8p2^— Check  valve. 


flow  in  one  direction  only.  Basically  a  check 
valve  consists  of  a  spring-loaded  plunger  and  a 
valve  seat.  The  Spring  is  relatively  weak  and 
merely  helps  seat  the  plunger  (close  the  valve) 
when  flow  ceases.  The  hydraulic  fluid,  moving 
in  the  direction  of  the  arrow  (fig.  8-2),  lifts 
the  plunger  (opens  the  valve)  permitting  unre- 
stricted passage  of  the  fluid.  The  fluid  cannot 
flow  in  the  reverse  direction  because  it  would 
close' the  valve  (check  the  flow).  A  check  valve 
is  sometimes  called  a  directional  valve. 

Relief  Valves 

Relief  valves  .protect  hydraulic  systems 
against  excessive  pressure.  If  an  abnormally 
high  pressure  develops,  these  v^ves  open  to. 
bypass  fluid  before  the  pressure*  b^Hdup*  ic% 
endanger  the  system.  A  simple  relief  valve 
(fig  8-3)^  consists  of  a  spring-loaded  plunger  or 
ball  and  a  valve  seat.  When  the  pressure  within 
the  system  reaches  a  predetermined  value,  the 
spring  compresses  and  the  valve  bypasses  fluid 
usually  back  to  the  tank.  The  bypass  pressure 
setting  of  the  valve  may  be  changed  by  varying 
the  spring  tension  by  means  of  the  adjustment 
screw. 

compound  Relief  Vlilve . 

A  compound  relief  valve  commonly  used  in 
ordnance  equipment  is  the  Northern  duplex(Dixie). 

This  valve  limits  maximum  pressure  buildup 
between  the  A-end  and  B-end.  The  valve  may  be 
installed  in  the  transmission  lines  between  the 
valve  plates  (fig.  8-27)  or  between  the  trans- 
mission ports  in  the  valve  plate  (fig.  8-26). 
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*  Figure  8-3. — Relief  valve . 
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Tfie  theory  of  operation  of  this  valve  is  based 
on  a  differential  in  area.  As  shown  in  figure 
8-4,  thi^^  valve  employs  a  pilot  valve,  main  valve, 
and  a  double-ball  check  valve.  The  double-ball 
check  valve  allows  this  pilot  valve  to  be  used 
with  alternating  transmi&sion  lines.  The  area 
at  the  bottom  of  the  main  valve  is  one  half  the 
size  of  the  area  on  the  top  of  the  msiin  valve. 
Diilled  passages  within  the  main  valve  allow 
fluid  to  pass  through  the  pilot  valva  to  the  top 
of  the  main  valve.  The  movement  of  the  pilot 
valve  limits  the  pressure  on  top  of  the  main 
valve  arid  is  adjusted  for  one-half  of  the  desired 
pressure  in  the  transmission  line. 

When  the  pressure  in  the  system  exceeds 
the  desired  pressure,  the  excess  pressure  is 
transmitted  to  the  top  of  the  main  valve  and 
behw-  the-pTlct  V:^ve.*  This^^acStion  caffse^the 
pilot  valve  to  move  up,  compressing  its  spring 
and  allowing  .the  oil  to  move  from  above  the  main 
valve  to  the  bottom  of  the  pilot  valve.  Now  the 
main  valve  can  move  up  and  dump  the  excess 
volume  into  the  return  line. 

When  pressure  drops  below  the  desired  value, 
the.  pilot  valve  spring  forces  the  pilot  valve 
down  moving  the  volrnne  of  oil  back  to  the  top  of 
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Figure  8-4.— Northern,  duplex  relief  valve. 


the  main  valve.  The  area  differential  on  ^oj^of 
the  main  valve. causes  it  to  return  to  its  seat. 

Because  the  cover  on,. top  of  the  valve  housing 
ntust  be  removed  to  turn  the  adjusting  screw  on 
the  pilot  valve,  this  valve  is  adjusted  by  the 
trial-and-error  method.  Remember  Vhat  the  pilot 
valve  spring  is  adjusted  to  a  value  of  one-half 
the  required  pressure  in  the  transmission  lines. 
Since  the  setting  on  this  valve  is  determined  by 
trial  and  error,  it  may  be  helpful  to  know  that 
one  complete  turn  of^^be^djusting  screw  in  either 
direction  will  decrease  or  increase  the  pressure 
approximately  132  psi. 

Figure  8-4  illustrates  how  the  component  parts 
of  the  relief  valve  are  situated  to  provide  a 
sm6oth  relief  action  and  to  protect  the  hydraulic 
sj^tem  from  excessi^  pressure. 

Directional  Valves 

The  valves  previously  described  limit  either 
the  pressure  or  the  flow  of  hydraulic  fluid.  A 
directional  valve,  as  the  nam«3  iniplies,  directs 
the  flow  of  fluid.  ^ 

A  directipnal  valve  may  be  operated .  hy- 
draulically  (by  force  differentials  set  upon  oppo- 
site sides  of  its  movable  part)  or  by  manual, 
electrical,  or  mechanical  means.  Sometimes  £wo 
or  more  mBthods  are  used.  TheWo  most  common 
types  of  directional  valves  are  the  rotary  and  the 
spool  type«,  Rotary  valves  are  frequently  used  ta 
direct  the  flow  of  hydraulic  fluid  to  other  valves 
(fig.  8-5).  . 

By  rotating  the  core  of  a  rotary  valve,  hy- 
drauHc  fluid  can  be  discharged  through  either  of 
two  parts.  The  rotary  valve  shown  in  figure  8-6 
is  an  open  center  type  with  two  cross  passages. 
,pne  is  indicated  by  the  dotted  line  in  figure  8-5. 

Spool-type  valves  have  many  uses  in  .a  hy^- 
draulic  system.  Figure  8-5  and  8-6  show  a  simple 
spool-type,  four-way  valve,  but  many  valves  of 
this  '  type  have  more  complex  designs.  Spool 
valves  with  additional  lands  and  a  spring,  or  even 
two  spools  in'  the  same  valve  sleeve,  are  not 
uncommon.  The  spocd  valve  shown  in  figure '8- 5 
i.s  hydraulically  operated.  When  hydraiilic  pres- 
sure is  ported  to  one  end  of  the  spool,  hydraulic 
fluid  at  the  opposite  end  drains  into  the  tank^ 

With  hydraulic  fluid  ported  to  the  left  end  of 
the  spool,  the  resultant  pressure  differential 
causes  the  spool  to  shift  to  the  right.  With  the 
spool  shifted'  to  the  right,  pressure  fluid  from 
the  pump  passes  out  through  port  A,  while  dis- 
charge fluid  passes  out  through  port  B  to  tank. 
If  the  rotary  valve  is  positioned  to  direct  the 
hydraulic  fluid  against  the  right  end  of  the  spool, 
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Figure  8-5,— Directional  valves. 
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the  spool  shifts  to  the  left  (fig.  8-6).  Now  pres- 
sure fluid  passes  out  through  port  B  while  poyt 
A  acts  as  tlie  return  to  the  reservoir.  By 
changing  the  flow  direction  in  this  manner,  the 
movements  of  associated  hydraulic  components 
can  be  reversed." 


Pilot  Valves  ^ 
* ' 

Pilot  valves  govern  the  actions  of  other  valves, 
but  the  term  !»pilot  valve does  not  designate  a 
valve  design  or  type.  This  term  simply  desig- 

,  nates  the  specific  use  of  a  valve;  For  example, 
a'  compound  relief  valve  incorporates  a  pilot 
valve  to  control  opening  and  closing  actions. 
Similarly,  a  rotary  valve  serves  as  a 'pilot 
valve  to  control  the  position  of  a  fepool-type 
directional  valve.  Valves  that  serve  as  pilot 

'  valves  vary,  riot  only  in  type  and  design  but  also 
in  method  of  operation.  Electrically  operated 
pilot  valves,  called  solenoid  valves,  are  fre- 
quently used  to  position  other  valves.  Solenoid 
opeV^ted  valves  are  also  used  for  other  purposes, 
sucV  as  diunp  valves.  The  solenoid  valve  in 
figure*  8-7  relatively  smallt  yet  it  has  suf- 
ficient capacity  to  shift  a  larger,  hydraulically 
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r'""  y     Figure  8-6.— Spool  valve  reversed. 
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Figure  8-7.— Solenoid  valve  assembly. 
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operated  valve.  Th^  larger  valve,  in  turn,  sup-^ 
plies  pressure  fluifl  Us  associated  working  com- 
ponents. Two  solenoids'  operate  the  solenoid 
valve  plunger. .  The  valve  plunger  is  connected 
to  a  counterwe'iglit"^  arm  that  is  splined  to^^he 
solenoid  shaft.  A  rocker  arm,  linted  to  the 
core  rods  of  both  solenoids,  is  also  splined 
to  the  solenoid  shaft.  When  solenoid  No.  1  is 
energized,  the  'valve  plunger  shifts  upj  when 
solenoid  No.  2  is  energized,  the  valve  plunger 
shifts  down.  As  shown  in  figure  8-7,  some 
solenoid.  valve  assemlplies  have  a  third 
solenoid.  In  these  applications,  a  detent  holds 
the  valve  plunger  in  the  shifted  position,  and  the 
third  solenoid  is  used  to  release  the  detent, 
thereupon,  the  valve  plunger  spring  returns  to  the 
natural,  position. 

HYDRAULIC  PUMPS 

A  pump  is  a  mechanism  that  uses  an  ex- 
ternal" &)urce  of  power  to  apply  force  to  a  fluid. 


All  pumps  in  open  hydraulic  systems  take  ad- 
vantage of  the  fact  that  the  earth's  atmosphere, 
a  gaseous  fluid,  exerts  a  static  pressure  whose 
existence  becomes  noticeable  whenever  a  partial 
vacuum  is  created. 

...  Anybody  who  drinks  througji  a  straw i§ making 
use  of  this  phenomenon.  By  sucking  on  the  straw, 
'he  .creates  a  partial  vaquum.  Atmospheric  pres- 
sure, acting  on  the  liquid  in  the  tumbler,  forces 
enough  of  it  up  the  st^raw  to  the  parUal  vacuum. 

Vn  a  common  hand  pump,  figure  8-8,  the 
3ever^-type  pump  handle  is  joined  to  a  piston  rod 
with  a  simple  upward-opening  check  valve  (num- 
bered 1)  in  the  piston.  The  downstroke  of 'the 
piston  applies  pressure  to  the.  water  in  the 
pump,  opening,  valve  1  and  closing  another  check 
valve  (num^bered  2^ -at  the  base  of  the  pump., 
•  On  the  up  stroke,  of  the  piston,  pressure  is 
reduced,  and  a  partial  'vacuum  is  created  in  the 
area  between  the  two  valves.  Valve  1  closes. 
Atmospheric  pressure  m  the  well  forces  water 
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Figure  8-8.— How*  a  simple  hand  pump  operates. 

251 


110.19 


/'GUNNER'S  MATE  G  3  &  2 


up  -the  pipe.  The  upward  thrust  of  the  water 
opens  valve  2  but  is  not  strong  jBnough  tp  open 
valve  1  as  long  as  the  piston  continues  to  rise. 
iSe  eifcess  water  thus  drawn  into  the  pump 
flows  from  tfljbspout. 

There  i^a  great  difference  in  structure, 
though  not  in  fundamental  operating  principle, 
between  the  simple  hand  pump  in  figure  8-8 
and  the  Waterbury  constant-speed,  axial-piston, 
variable-delivery  pump  that  consitutes  the  A-end 
of  a  gun's,  electric-hydra-ulic  train  or  elevation 
power  drive.  The  summary  below  will  prepare  the 
way  for  the  descriptipa  6f  jbhe  A-end. 

Types  of  Action 

Pumps  that  are  designed  to  perform  work 
operations  are  installed  as  integral  parts  of 
closed  hydraulic  system^  in  which  fluid  from  a 
reservoir  is  repeatedly  circulated  by  ptunp  action. 

Pumps  used  in  ordnance  hydraulic  equipment 
are"  divided  into  two  main  classes,  the  recipro- 
cating and  the  rotary  type. 


RECIPROCATING  PUMPS.  — The  reciproca- 
ting pump  (so  called  because  its  parts  must 
reciprocate,  bf^n^vp  back  and  forth,  to  function) 
was  the  earli^^type  to  be  used  in*  hydraulic 
systems.  Mo^^eciprocating  pumps  consist 
fundamentalist  a  piston  that  moves  back  and 
forth  in  a  cylinder  fitted  with  a  check  valve. 
The  valves  open  and  close  ports  to  a  soiirce  of 
liquid  and  to  a  work  area.  Figure  8-9  shows  an 
elementary  reciprocating  pump.  By  pushing  the 
piston  to  the  ri^t,  the  hydraulic  pressure  in  the 
cylinder  is  increased.  Thie*  action  closes  the 
inlet  port  and  opens  the  outlet  port  permitting 
the  fluid  to  flow  to  the  woric  area,  figure  8-9A 
shows  how  this,  is  done;  when  the*  piston  is 
moy^d  to  the  ri^t,  hydraulic  i)ressure  acts  on 
both  of  the-  check  valves,  the  check  valve  in  the 
outlet  port  is  ^pushed  up,  thus,  allowing  hydraulic 
fluid  to  pass  around  the  check  valve  and  into  the 
work  ^ea^  At  the  same  tin\e,  the  check  valve 
•in  the  inlet  port  is  pushed'  down  blocking  the 
port  from  the  reservoir.  When  -ttie  piston  is, 
'moved  to  left  (part  B  of^fie.  8-9), Hhe  pressure 
in' the  cylinder  drops  and  the  outlet* check  valv6 

'  closes  the  pdjrt  to  the  cylinder.  This  action  holds 
hydrajilia  fluid  in  the  wo^Karea.  The'inlet  check 

.  valve  now  '  opens,  *permltfiBg  the  fMd  in  the 
.^^eservoir  to  fill 'the  cylinder.  By  positioning  the' 

.  valve"  back  ^and  rforth,  left  to  ri^it,^  a  pumping 

.section  is  created.  Thi§  type  pum^  can"* be  found 
jB  the  Ford  powe:p  drive.  6n  5*V$8  twin  mounts ' 
'  and  fuhctlons^  as .  a  suinp  pump  .^d  oscillator. 
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Figure  ,8-9.  —  Elementary  reciprocating  pump. 

ROTARY  PUMPS.  —  Rotary  pumps  have  oper- 
ating parts  tliat  revolve  \o  exert  force  on  fluids. 
Figure  8-10  shows  a  simple  gear-type  rotary 

'pump.  They  are  used  for  mariy  purposes  in 
ordnance  hydraulic  equipment.  They  are  found  ' 
in  the  rammer  assembly  in  the  5"/38,gun  mount- 
and  also  are  used  as,  auxiliary  pumps  to  supply 
servo  and  supercharge  pressures  in  a  hydraulic 
transmission. 

'  The  rotary  pump  did  not  come  into  general 
use  untU  the  electric  motor  became  common. 
Electric  motors  are  ideally  ^adapted  to  drive 
rotary  pimips  since  it  is  necessary  only  to  couple 
two.  rotating  shafts.  All  ttie  pumps  you  encounter 
in  brdnante  hydraulic  mechanisms  are  powered 
by  electric  motors.  Rotary  pumps  come  in  all 
sorts  of  shapes  and  sizes,  and  with  all  sorts  tof 
designs.  We  will  .studtyonly  two  types  commonly 
used  in  ordnance  hy^Jraulic  systems.  Fitst  we 

'  ejqplain  the  votoxy  gear  piuaip  and  ttisn  we  take 
up  the  rotary  vane  type  puiijp.  ' 

A  rotary  gear  piunp.  essentially  consists^of  a 
pair'  of  mesbing  gears  in  a  close-fitting  housing 
fitted  with  intake  and  outlet  gpenjngs  for  cou- 
pli^ta  tube  or  pipe.  The  drive  shaft  of  thie  power 
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Figure  8-10»—  Elementary  gear  pump. 


source  is  coupled  to  one  of  the 
tumt  drives  the  other  (See  part 
In  operation,  liquid  passes  from 
between  the  gear  teeth  and  the 
outlet  side^  as  shown  in  part  B 
Because  , of  the  close  contact 
^ar8»  no  liquid  can  leak  back 
between  the  meshing  teeth. 
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gears  whi6h,  in 
A  of  fig,  8-10)  • 

the  inlet  side, 
housing,  to  the 
of  figure  8-10. 

tween  the  two 
the  inlet  side 


In  icjonsideting  the  discharge  of  any  pump, 
it*8  important  to  remember  from  Pascal's  Law 
that  liquids  transmit  pressure  in  all  directions. 
}  Because  of  this,  any  pressure  in  the  discharge 
line  .is  exerted  not  only  forward  in  the  line  but 
also  back  toward  thp  gears.  This  backpressure 
causes:;^/    ;  *      -  > 


\  i.  THRUST  tending  to  distort  and  displace  ^ 
the  gears.  This  back  ^hrust,  in  turn,  causes 
increased  wear.  (See  fig.  8-11), 
,  2.  SLIP,  or  leakage  within  the  pump  itself, 
with  consequent  loss  in  efficiency.  (See  fig* 
8-11.)  It's  because  of  slip  that  pump  efficiency 
gbea  down  sopaewhat  with  increased  output  pres- 
sures. 

To  overcome  the  effects  of  this  back  pressure,  / 
Northern  nitralloy  pumps  are  ruggedly  con-  * 
^stpActed  of  hardened  metals.  In  this  way  they 
can  withstand  the  rigors  of  the^i'r  normal  loads 
and  maintain  the  very  close  cleartgc6s  required 
to  minimize  ^lip. 

Basically,'  the  Northern  nitralloy  series  1R)00 
gear  pump  consists  of  a  housing  of.  five  hardened 
alloy  steel  sections  (showri  in  part  A  of  fig. 
8-12),  accurately  macjiined  "and  ground,  tod 
bolted  together' by  four  long  bolts  running  through 
all  the  sections.  The  center  block,  or  CYLINDER 
PLATE,  forms  the  housing  for  the  gears.  (See 
part  B  of  fig.  8-12).  On  each  side  of  the  cylin^pr 
plate  are  mounted  the  BEARING  PLATES  which 
house  the  bearings  on  which  the  j;ear  shafts 
rotate.  Completing  the  normal  assembly  of  this 
pump  are  two  END  PLATES.  The  one  ^t  re-  ^ 
ceives  the  drive   shaft  contain^  the  packing.  ^ 

You »11., generally  find  Northern  pumps  of  this  ^ 
type  in  rammers  (particularly  in  5-inch  mounts) 
and  hoists.  In  these  applications,  the  plain  end 
plates  illustrated  in  figure  8-12  are  replaped  . 
by  plates  that  incorporate  mounting  brackets 
or^  valve  blocks  necessary  for  the  mechanism  iri^^. 
which  the  pump  is  employed.  Because  of  its 
sectional  constructional  feature,  .^e  pump  is  very 


Figure  8-11,— Back  thrust  anf  slip. 
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Figure  8-12.— Construction  of  Northern  nitralloy  series  4000  gear  pump. 
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versatile  and  relatively  easy  to  assemble , and 
disassemble.  % 

Three  types  of-  gears  may  be^  used  iri/the 
Northern  nitralloy  series  ^00  pymp:.  SHBR, 
HELICAL,  and  HERRINGBONE.  ..Figure  |-13 
sliows  these  types.  The  spur  type  has  one  dis- 
advantage: at  high  speeds  and  pressures  .some 
liquid  is  carried  between  the  meshing  te^th, 
forcing  the  gears'  apart.  For  this  reason,  ^r- 
gear  pumps  are  generally. used  only  atlowsp|feds 
and  pressures.  The  hejlcal  (with  slanting^th) 


and  herringbone  (double  helical  with  teetli  meeting 
in  herringbone  v^patiern)  typ^B  do  not,  hava  ttiis 
drawback  because*  the  teeth  mesh  gradually; 
forcing  the  trapped  liquid  out  one  sid^  (in  helical^ 
gears)  or  both  sidls  (in  herringbone). 

A  cquple  of 'hundred  year6  ago.  Sir  Isaac 
,.Kewton,  the  famous  British  mathematician,  form- 
^ulated  three:'  Laws  of  Motidn  to  e3q)lain  the 
behavior  ol.Watter/ The  second  of  these  three 
.laws  states; >  '  ■ 
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Figure  8-13,  — Three  types  of  gears  maybe  used 
in  the  Northern  nitralloy  . series  4000  pump, 

.  •  "A  boc^y  at  rest  teiids  to  remain  at  rest,  and 
a  body  in  motion  tend^  to  continue  in  motion  with 
the  same  vel6city  and  in  ,the  same  direction.**, 
Of 'in  qther' words,^once  you  set  something  in 
miction,  it  tries  to  keep  going  straight  aloi>g  at 
the  same  speed,  % 

Now,  oppose  we  try  a  little  e:q)eriment,Take 
a  Shallow  basin,  and  fill  it  about  half  full  of 
water.  With  your  hand;  whirl  the  water  around. 
You'll  notice  that  the  water  bariks  up  around  the 
sides  of  the  basip,'  leaving  t'he  center  low,  or 
even  waterless.  And,  if  you  whirl  the  water  hard 
enough,  it  will  spla%h  over  the  side. 

According  to  the  N6wtoniari  La^v  that  w6*ve 
just  statetl,  the  water  tfends  to  move  in  a  straight 
line  when  it's  pushed.  However,  the  sides  of  the 
basin  hold  it  in,  forcing  it  to  follow  a  cifcular* 
path.  Because  the  watfer  tends  tcv  go'^traight^ 
it  exerts  force  outward,  so  that  if  yo,u  pu§h  it 
hard  enough  it^^will  mount  the  siges  of  ther  basin 
and  spill  over.  This  outward-tending  fo/ce  is 
what  we  call  CENTRIFUGAL  (Latinfor  CENTER- 
FLEEING)  force,*  The  greater  the  rate  of  rotation, 
the  greater  tWs  force  becoines, 
,  In  a  centrifugal  pump,  ySu  have  ^^fead  of 
your  hand,  a  set  of  paddles  or  Wlades  (the  IMPEL- 
L^ER)  which  whirl  the  water  around*  For  reasons 


of  design,  which  we  won*t  go :  into  here,  the  ^ 
imReller  blades  are  curved.  Instead  of  the  basin, 
you  have  a  completely  enclosed  c^sfng  Of  special 
shape,,  the  VOLUTE.  The'^pump's.outlet  is  at  the 
outside  edge  of  jthe  casing.  The  inlet  is  through  the 
center,  or  EYE^f  • 

When  the  pump,  operates,  liquid  enters  the^ 
pump  through  Uie  eye  and  is  whirled  around  in  the 
pump  chamber  by  the  rotation*  of  the  \mpeller, 
Centrifugal  force  drives. the'  liquid  directly  / 
outward  from  the  center,  settmg  tip  a  gi:eater  ' 
pre  ssure.at  the  outer  edge  of  the- chamber  than  at 
the  ,^e,  vAt  the  .same  time  the  'liquid  isjliso 
pushed  around  tod  around  in,  the  pump  by  the 
^turning  of  the.blacies/and  is  givenntoreand  more 
^velocity  afe  it  xripves  farther  out  from  the  eye. 
As  th^  liquids  finally  escapes  into  the  discharge,  * , 
it  slows  down  ^d,  in  effect,  its  velocity  is  / 
converted  into  liquid  pressure  or  head^    .  1_ 

The  rotary  punaps-.we  have  studied  up  to  this  ^- 
point  have  all  .depended  for  their  operation  on 
the  meshing  of  twOv  gears  or  lobes.  Even,  the 
internal-gear  pumps  work  bu  this  principle  witk 
the  two*  gears  one  inside' the  other.  The  Vickers 
balanced-vane  pump  is  different.  It  haSrOnly  one 
rotating  part,  rather  thjtn  two,  aiid  no  g§ars  .at 
all,  '  '  ^*  '  ^ 

You'll  find  rotary-vane  pumps  ratl^er  widely  . 
used  in  ordnance  hydraulic  systems,  from'*5-inch  , 
Vickers  rammer$  and  ammunition  hoists  to  16- 
inch  projectile  rings,  elevating  power  drives,  and 
powder  hoists,  ^  , 

Thef  basic  construction  of  the  Vijck^rs 
balanced-vane  punip  is  \Qiy  simple  mdeed(fig. 
8-14),  Mounted  on  the  drive  , shaft  is  the  ROTOR, 
a  cylindrical  block  of  steel  with  12  evenly  spaced 
slots  accurately  machined  in  it,^  Snugly  fitted  into 
these  slots  are  12  vanes,  which  are  blades  of 
.hardened  steel.  Though  t|ie  vanes  are  n^t' loose 
en'fiugh  to  rattle  around,  they  are  free  to  move  in 
and  put  of  the^  slots.  The,  vanes  have  a  beveled 
ed^  and  a  square-cut  edge,  and  they  are  assem- 
.  bled  jn  the  rotor  with  the  beveled  edge  traihng, 
,  ^Surroundiqg  the  rotor  is  the  hardened  and 
gj^ound  RING,  which  is  elliptical  or  o^al  in 
sHage*_The  ring,  in  turn,  is  enclosed  the 
pump's  outer  casa or  HOUSING,  *  \ 

The  sides  of  the  pump  are  enclosed  by  two 
^VA^'E  PLATE  BUSHINGS,  in  whose  sides  are 
cut  the  intake  and  discharge  ports,  ^ 

Now  the  rotor  revolves  at  the  pump's 
normal  operating  speed  (1,200  rpm),  what 
happens?  .  * 

As  you  can  guess,  centrifugal  force  comes  into, 
the  picture  and  the  vanes  in  the  rotor  immediately  ^ 
try  to  fly  out.  Of  course,  the  vscneTcan't  actually 
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,Figure  8rl4.— *Vixjkers  Dalanced-vaiie  pump.(cu^ 
away  and  exploded  views). 

get  far,  because  they're  confined  l)y  the  elliptical 
ring.  Butt  under  the  thrust  •of  centrifugal*  force, 
they  push « hard  against  the  mside  surface  of  the 
ring,  and, can  forni  an  oil-tight  seal.  As  the 
rotqr  turns,  the  vanes  renidin  in  oontaotandfollow 
the  contour  of  the  ring,  sliding  out  of  aSt  into 
the  rotor.  ^ 

Tfie  ring's  contour  j^iViits  *he  vanes  at  the 
top  ancL  bottom  to  extend  further  than  at  the  sides, 
where  they  i^re  held  all  the  way  in.  Thus,  the 
vanes  divide  the  space  between  xotox.  and  ring 
into  iHtle  spaces  oi*  chambers  that  change  in  size 
as  tli  rot(fr  turns.  Figure  8-15  shows  how  the 
chamfers  expand  as  the  rotor  turns  from  \  to 
B,  then  contract  as  they  approach  C,  and  so  on 
around  the  ring.  • 

In  the  vane  pump,  as  in  the  gear  punips 
we've  studied,  the  ordnance  hydraulics  designer 
must  take  into  account  not  Qnly  thfe  flow  ,of  fluid 
through  the  pump  but  also  the  pressure  relation- 
ships. An  analysis  will  show  that  when  tHe  pump, 
as  we  have  so  fai:  described  it^is  in  operation, 
there  is  a  heavy  thrust  on  the  discharge  side  and 
a  lesser,  but  still  considerable,  tlirust  on  the 
inlet  side*  Since  these  thrus^ts  are  unbalanced, 
they  can  sti^ain  bearings  and  distort  the  pump 
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Figure  8-15.— Jiow  the  chamber S expand  and  con- 
tract in  the  balanced-gear  vane  pump. 

housing.  The  thing  to  .do  with  unbalanced  pressure 
or  thi-usts  is  to  balance  th^m. 

This  balancing  is  done  in  the  vane  pump  not 
by  using  balancing  linfes,   but  by*  putting  the/ 
WHOI^E  pump  to  work,  instead  of  only  the  upper 
half  that  you  see  in  figure  8-JL6A. 

Therefore,  since  the  pump  chambers  exp3nd 
and  contract  twice  during  each  rotation,  the  pump 
has  two  intake  and  two  discharge  ports  cti,t  into 
the  valve-plate  bushings  that  cover  each  of  its 
,  si^es.  The  discharge  and  intake  ports  are  paired, 
and  the  passages  connecting  the  ports  to  their 
proper  lines  are^  arranged  as  in  figure  8-16B. 

In  the  actual  •pump  these  passages  are  not 
^parate  tubes,  asjthe  figure  shows  them,  but  are 
cut  into  the  |)ump  housing. 

The  discharge  ports  are  equal  in  area  and 
^  X^der  .equal  fluid  pressure.  The  intake  ports  are 
>t  similarly  equal  in  area  and  fluid  pressure.  ItT 
iQgi^cally  follows,  then,  that  the  discharge  sections 
on  opposite  sides  of  the  pumpexert  equal  balanced 
thrusts,  as  do  the  intake  sections  (though  the  . 
thrust  at  each^ntake  is  much  smaller).  We  have, 
as  a  rebult,  all  the  thrusts  balancing  out, regard- 
less of  pressures  in  the  intake  and  discharge  lines 
(fig.  8-17).  ' 

WTien  you  closely  examine  the  valve-plate 
bushings,  you  will  notice  two  grooves  or  passages 
leading  from  each  discharge  port  to  tiny  holes 
That  pierce  the  bushing  (fig.  8-18A). 
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Tracing  the  flow  of  oil  through  these  hoies, 
Vou  find  that  it  goes  to  a  shallow  annular  (rSigr 
shage'd)  recess  or  d^ression  around  the  rotor, 
thence*  to  the  pinhead-shaped  openings  at.jthe 
-bottom^ol.each  vane  slot  (fig*  8-18)  •  V 

(In  actuality,  the  valve-plate  bushing  closely 
fits  against  the .  ring;  irj^  the  figure  it  has  been 
separated  from  the  ring  to  show  the  path  of  flow.) 

Siftce  the  van'tes,  tiiough  close  fitting,  mifct 
move  in  and  out  of  their  groove^stwice  during  each 
'reTa)lution  pf  the  motor  (and  it  rotates  at  approxi- 
mately 1,200  rpm  at  flormal  speed),  one  purpose  of 
this  arrangement  shoxild))e  obvious*  It*s  a  for.ced 
,  self-ltfbrication  system*  It  has  another  purpose 
too:  The  fjill  ou^ut  pressure  of  the  pump  is 
'  exerted  at  the  base  of  every  vane,  helpii^ . 
centrifugal  force  to  hold  it  outward  against  the 
ring.  Pumps  can  be  .grouped  according  to  whether 
they  discharge  liquid  in  volume  separated  by  a 
period  of  no  discharge  (positive  displacement), 


II 


Figure  8-16»— Balanced- vane  pump:, 
intake  and  discharge*  - 
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Figure  8-l7*--Balancing  of  forces  in  Vickers-        Figure  8-18*r-BalanoBd-vane  pump.  Forced '  . 


balanced-vane  pump* 


self-lubrication  ^stem.  '  * 
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or/m  a  continuous  flo\^  (non-po£»itive  displace- 
ment). In  addition,  punips  can  be  classified 
according  to  whether  .61  not  the  quanti^  of  liquid 
.  discharged  hy  the  punip  can  be  varied  without 
^changing  the  speed  of  rotation  of  the  source  of 
power  (variable  or  constant  delivery). 


POSITIVE  AND  NON-POSITIVE  DISPLACE- 
MENT,—A  positive  displacement  pump  is  one  in 
which  a  definite  volun.e  of  liquid  is  delivered  for 
each  c>cle  of  .pun*p  operation,  regardless  of  the 
resistance  offered,  provided  the  capacity  of  the 
power  umt  driving  the  pun.p  is  not  exceeded.  A 
non-positive  displacement  pump  is  one  in  which 
a  volume  of  Uquid  delivered  f9r  each  cycle  is 
dependent  upon  the  resistance  .  offered  to  flow. 
This  type  of  pun»p^  produces  a  force  on  the  liquid 
that  IS  constant  fox  each  particular  speed  of  the 
pump.  Resistance  in  the  discharge  line  produces 
a  force"  in  the  opposite,  direction.  When  these 

^forces  are  'equal,  the  liquid  is-- in  a  state  of 

"  equilibrium  and  does  not  flow. 

If  the  <5utlet  of  a  positive  displacement  pump 
IS  completely  c^sed,  either  the  unit  driving  the 
pump  .will  be  stalled  or  something  will  break. 
If  the  sajiie  thing  is  ,done  to  a  non-^ositive 
displacement  pun^p,  the  discharge  pressure  will 
rise  to  a  maximum  for  that  type  of  pump  operating 
at  that  speed.  Nothing  more  wiU  happen  except 
that  tlie  pump  will  churn  the  liquid  afld  produce 
heat. 

Positive  displacement  punips  deliver  hquid  in 
separate  volunies,  with  no  delivery  in  between, 
although  a  pump  having  man^  chambers  may 
have  an  overlapping  delivery  which  minimizes  this 
effeat.  Non-positive  displacement  pumps  deliver 
a  practically  continuous  even  flow  for  any  given 
set  of  conditions  of  speed  and  resistance. 

For  every  .tiack  and  forth  motion  of  the  piston 
in  the  pump  §hown  in  figure  8-9,  a  complete 
cxilinder  of  liquid  will  be  delivered  to  the  outlet 
while  the 'piston  is  moving  to  the  right  on  the 
discharge  stroke.  Npthmg  at  all  will  be  delivered 
While  the  piston  ,  is  moving  to  the  left,  on  its 
suction  stroke.  li  the .  outlet  were  completely 
blocked,  as  by  a  shut-off  valve,  it  would  be 
.  impossible  to  n*ove  the  piston  tp  the  right  because 
of  the  virtual  fncompx'essibility  pf  the  liquid 
filling  the  Chamber.  If '  giuificient  force  were 
.  applied  to  the.  piston,  ^e  pressure  in  the  chamber 
would, rise  until  finally  something  would  break. 

Obviously  this  single  chamber  pump  would 
give  a  badly  pulsating  deli  very. In  the  rot»y  pump 
shown  m  figure  8-10,  where  each  of  the  spaces 
between  the  teeth  of  the  gears  is  apupnp  chamber, 
delivery   will  overlap  so  that  a  more  nearly 


constant  How  vvill  be  obtained.  Anpther  method  of 
reducing  the  pulsation  is  to  provide  an  air 
chamber  near  the  pump  outlet  to  damp  tiie 
pulsations,  but  there  as  always  some  pulsatory 
effect  with  positive  displacement  pumj^s.^Pul- 
^^sations  ire  objectionable  because  they,  cause 
jerky  nioveftients  in  driven  mechanisms  and  set 
up  vibrations  in  the  whole  system. 

For  the  cen^ifugal  pump,  the  liquid  is  not 
broken  up  into  i&5lated  volumes  to  be  delivereii 
one  by  one,  but  a  pressui*e  differential  is  created 
in  the  solid  stream  by  the  rotary  and  sweeping 
action  of  the  irr-peller  so  that  a  smooth  continuous 
flow  results. 

Reciprocating  and  rotary  pumps  of  necessity 
are  positive  displacement  pumps  while  jet, 
centrifugal,  propeller,  and  mixed  flow  pumps  of 
necessity  are  non-positive  displacement  pumps. 


Types  of  Discharge  <       '  ^ 

All  pumps  ^Vill  deliver  liquids  at  different 
volume  rates  if  run  at  different  speeds.  It  is 
not  practical  to  vary  the  speed  with  ordinary 
positive  displacement  pumps  althou^  these  pumps 
can  be  especially  constructed  to  deliver  different 
volumes  of  liquid  while  being  run  at  the„  same 
speed.  They  can  be  constructed,  that  is,  to  give 
constant  or  variable  delivery  for  each  cycle  so 
that  volumes  of  delivery  can  be  obtained, without 
changing  tjie  operating  speed  of  tiie  pump. 

This  is  managed  with  reciprocating  pumps  by 
altering  the  length  of  the  work  stroke  of  the 
piston.  Thus  in  figure  8-9,  each  discharge  stroke 
of  the  piston  might  displace  200  cubic  inches  of 
liquid,  but  the  distance  the  piston  travels  mi^t 
'be  shortened  to  give  a  stroke  which  would  dis- 
place ©nly  180  cable  inches.  This  would  cut  the 
volume  , delivery  10  percent  without  altering 
tile  speed.  '  ^  ' 

Gear  type  rotary  pumps  "are  not  normally  con- 
structed to  give  variable  delivery  at  constants 
speeds.  ^' 

Centrifugal  pumps  deliver  different  volumes  of 
liquid  while  running  at  a  constant  spQed  since 
the  volume  of  discharge  varies  with  the  bead 
against  which  the  liquid  must  be  discharged.*' 


CAB  HYDRAULIC  TRANSMISSION 

A  hydraulic  transmission  is  a  combination  of 
a  hydraulic  pump  (A-end)  and  a  hydraulic  motor 
(B-end)  .  The  term  CAB  unit  means  Combination  A 
and  B  ends*  It  is  a  variable-speed,  bi-directional 
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hydraulic  transmission.  In  operation,  a  constanjt- 
speed  electric  motor  drives  the  A-end,  the  A-end 
supplies  hydraulic  fluid  to  the  B-end,  and  tjie 
B-end  converts  fluid  flow  intq  rotary  movemeijit. 
The  (A-^nd)  unit  is  a  variable-displacement,  . 
'  reversible-delivery  puiii'p/Speed  and  direction  (of 
the  B-end' s  rotation  depends  upon  the  volurheajid 
directipA  of  the  hydraulic  flui^P%upplied  by  tne 
A-^nd  unit*  By  regulating  the  ou^ut  of  the  A-end, 
smooth  and  controlled  acceleration  of  theBren4's 
output  sl^aft  is  possible  in  either  a  clockwise^ 
counterclockwise  direction,       '  ^  .  ! 

The  following  components  are  basic  to  pill 
CAB  hydraulic  transnMesions: 

1.  A  constant-speed  electric  motor  that  driTOs 
the  A-end  pump  and  the  auxiliary  dual  gear  punip. 

2,  An  A-end  axial-piston  pump  with  a  variable 
tilt  plate  to  supply  hydraulic  fluid  to  the  B-end. 

3,  A  B-end  hydraulic  mbtof  that  converts  the 
flow  of  hydraulic  fluid  into  rotary  motion; 

4.  A  valve  plate  to  connect  the  A-end  to  the 
B-end, 

5,  A  safety  relief  valve  to  regulate  pressures 
between  the  A  and  B-ends,  and  to  port  replenish- 
ing fluid  for  that  lost  throu^  slippage.  - 

6.  An  auxiliary  duaK  j^BX  pump  to  supply 
"super-charge'*  and  '*asrvo»*  fluid  pressures. 

Beginning  with  the  A-endu}lit»  each  of  the  above 
listed  components  will  be  discussed,  with  the 
exception  of  the  electric  motor, 

A-BND  COMPONENTS 

The  A-end  is  a  recipFocating  pump  which  has 
nine  pistons,  a  cylinder  barrel,  a  rotating  s5cket 
plate,  a  valve  plate^  and  a.univereal  joint,"^  The 
A-end  axial  piston  pump  iias  a  variable  delivery 
output,  whereas  a  conventional  ^al  piston  pump 
has  a  constant-delivery  output  (the  A-end  pump 
has  an  adjustable  tilt  plate;  ' the jjegular  axial- 
delivery  pump  has  a  fixed  tilt  plate).  In  an  A-^nd 
iiriit  the  connecting  rods  that  operate  the  ^al 
pistons  are  attached  to  a  socket  ring,  and  the 
socket  ring  (driven  by  an  electric  motor)  turns 
within  the  non-rotating  tilt  plate.  The  tilt  plate 
.  is*^positioned  by  two  stroking  pistons. 

In  axial  piston  pump^»  a  cylinder  blogk  with 
its.  pistons  is  rotated  on  a  shaft  in  such  a  way 
that  the  pistons  are  driven  back  and  forth  in . 
tl>e'ir  cyjinders  in  a-  direction  parallel  to  the^.^ 
sfiaft.  This  is  called  axiabmottbh,  Liqui^^^^ 
forced  into. the  dylinders.by  press^C^ diif^Srfce 
while-  the  pistons  are  moving  'diitward,  and  is 
driven  out  of  the  cylinders  by  the  pistons  while 


thej^ar-e  moving  ipward.  Thu>  gun^ping  action  is 
made  possible  b>  a  umversal  joint.  To  e;g)lain 
^iow  the  joint  works,  we  shall  begin  b>  construct- 
ing step  0>  step  the  WillianiS  um versa!  joint  and 
.  then  e;5>lain  the  principles  of  the  Bendix-Weiss 
universal, 

Williams  Uniyersal  Joint 

Let  us  install  a  rockei  arn*  on  a  horizontal 
shaft  (part  A  fig,  8-19) The  arm  is  joined  to 
the  shaft  by  a  pin  in  such  a  way  that  it  can  be 
swung  back  and  forth.  Next  we  place  a  ring 
around  the  shaft  and  pin  it  to  the  rocker  arm  so 
that  the  ring  can  turn  from  left  to  right  as  shown 
ia  ^gure  8-19,  Part  B.  We  can  now  get  two 
rota^  motions  in  different  planes  at  the  saxiie 
^time,  and  in  varying  proportions  as  may  be 
desired.  The  rocker  anr*  can  swing  back  and  forth 
in  one  arc,  and  the  ring  can  siH*ultaneousl>  move 
from  left  £o  right  in  another  arCj  in  a  plane  at 
right  angles  to  the  plane  in  which  the  rocker  arm 
moves. 
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Figure  8-19,  — Basic  universal  joint.  ^ 
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Now  let  us  add  a  tilting  plate  to  our  assembly 
(part  C).  For  the  time  being  l^t  the  tilting 

plate  stand  at  a  slant  to  the  axis  of  the  shaft. 
In  this  position  the  rocker  arm  is  slanted  back 

« at  the  same  angle  as  the  Ulting  plate,  so  that  it 
lies  parallel  to  it.  The  ring  is  also  parallel 
to  the  tilting  plate  and  in  contact  with  it.  Its 
position  in  relation  to  the  rocker  arm  is  unchanged 
from  tiiat  shown  in  part  B. 

Now  let  us  keep  the  shaft  horizontal  and  rotate 

.  it  in  a  clockwise  direction  through  a  quarter  of 
a  -turn,  to  the  position  shown  in  part  D.  The 
rocker  arm  is  still  in  tte-^ame  plane  as  the 
tilting  plate,  and  is  now  pefjendicular  to  the  axis  of 
the  shaft.  The  ring  has  turned  on  the  rocker  arm 
pins  so  that  it  has  changed  its  position  in  re- 
lation to  the  rocker  arm,  buj  it  remains  parallel 
to,  and  m  contact  with,  the  tilting  plate. 

^  Now  let  us  rotate  the  shaft  another  quarter 
turn,  as  shown  in  part  E.  Thepartsare  now  in  the 
position  shown  in  part  C,  .but  with  the  ends  of 
the  rocker  arm  reversed.  The  ring  still  bears 
against  the  tilting  plate.  ♦ 

If  we  continue  to  rotate  the  shaft,  the  rocker 
arm  and  the  nng  wall  turn  about  their  pivots, 
with  each  changing  its  relation  to  the  other,  and 
with  the  nng  always  bearing  against  the  plate. 
This  will  be  even  if  change,  within  limits, 
the  angle  of  the  plate., 

-  Now  let  us  go  a  step  farther;  and  place  a  wheel 
upright  on  the  shaft,  as  shown  in  part  F  of  figure  ' 
8-19.  The  wheel  is  fixed  to  the  shaft  so  that 
it  rotates  with  the  shaft.  Let  us  also  add  two 
rods  A  and  B,  loosely  connected  to  the  tilting  ring, 
attd  running  through  two  holes  standing  opposite 

-  to  each  ^other  in  ^e  fixed  wheel.  As  the  shaft  is 
rotated/the  fixed  wheel  runs  perpendicular  to  the 
shaf^  at  all  times.  The  tilting  ring  rotates  with  the 
shaft  and^  always  remains  tilted  since  it  stays  in 
contact  with  the  tilting  plate.  We  c|pseefrom  the 
diagram  that  theiiistance  along  shaft  A,  from  the 
tilting  ring  to  the  fixed  v^^eel,  is  greater  than  the 
distapce  along  shaft  B.  As  we  rotate  the  assembly, 
however,  the  distance  along  shaft  A  decreases  as 
its  point  ■  of  attachment  to  the  tilting  ring  comes 
closer  to  the  fixed  ^v^eel,  while  the  distance  along 
shaft  B  increases'.  These  changes  continue  until, 
after  a  half  revolution,  the  initial  position  Of  the 

'  two  rods  are  reversed.  After  another  half  revolu- 
'tidn;  the  two  rods  will  again  be  in  their  original 
positions.  ' 

From  this  we  can  see  that  the  rods  aie  mo^d 

*  in  'and  out  through  tiie  holes  in  the  fixed  ^heel 
as  the  assembly  rotates.  This  is  thewayth^axial 
piston  pump  works.  To  get\a  piunping^otion,  it 
is  only*  necessary  to- place  pistons  at  the  ends  of 


the  rods,  beyond  the  fixed  wheel,  and  insert  them 
in  cylinders.  The  rods  must  be  connected  to  the 
pistons  and  to  the  wheel  by  ball  and  socket 
joints.  As  theassenriblj  rotates,  each  piston  moves 
back  and  forth  inits  cylinder.  Intake  and  discharge 
pipes  can  be  arranged  so  that,  liquid  enters  the 
cylinders  while  the  spaces  between  the  piston 
heads  and  the  bases  of  the  cylinders  are  increas- 
ing, and  leaves  them  during  the  other  half  of  each 
revolution,  when  the  piston  heads  are  moving  in 
the  other  direction.         .  , 

Reference  to  part  F  of  figure  8-19  will  make  it 
clear  that  the  distance  the  pistons  move  back  and 
.forth  in  their  c>linders  depends  on  the  tilt  given 
to  the  tilting  box.  With  no  tilt  at  all,  no  pumping 
action  would  occur  since  the  pistons  would  not 
move  back  and  forth  at  all.  The  distances  A  and 
B  inpartFwouldbe  equal jtand  would  remain  equal 
as  the  assembly  rotates..  If  the  angle  of  tilt 
^ven  to  the  tilting  box  were  reversed,  making 
distance  A  less  than'distanceB,  the  pumping  action 
would  be  reversed.  Wlxat  had  been  the  discharge 
would  now  become  the  intake,  and  vice  versa.  By 
adding  a  mechanism  to  control  the  angle  at  which 
the  tilting  box  stands,  any  variation  in  delivery 
can  be  obtained  from  a  maximum  in  one  direction 
through  zero  c}eliver>  to  amaxin*um  in  the  opposite 
direction  although  the  drive  shaft  continues  to 
rotate  at  a  constant  speed. 

Bendix-Weiss^'niverskl 

^  The  Bendix-\V^iS5  universal  joint  is.usedwith 
many  of  the  axial  piston  pun.ps  in  today's  ordnance 
equipment.  This  joint  is  based  upon  a  geometrical 
principle  which  n*ast  be  understood  to  grasp 
how  the  .joint  works.  Figure  8-20  shows  a  drive 
shaft  and  a  driven  shaft  standing  at  ap^-«ngle, 
to  each  other.  Let  us  suppose  that  Jkfie  drive 

.  shaft  rotate^  the  driven  shaft  througj/ a  pair  of 
fingers  set  around  a  ball  X.  This  iball  carries 
the  load  of  rotation  in  such  a  way/  that  an^e  .\ 


DRIVEN  SHAFT 


DRIVE  SHAFT 


Figure        — Geometrical  principle. 
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is  equELl  to  angle  B.  As  the  drive  shaft  rotates 
in  the  direction  shown,  X  will  move  in  the  same 
direction  in  a  circular  path,'  always  keeping 
angle  A  equal  to  angle  B.  After  a  complete 
revolution  of  the  shaft,  it  will  have  returned  to  the 
original  position*  Since  angle  A  has  been  kept 
equal  to  angle  B,  the  driven  shaft  will  rotate  at 
exactly  the  speed  of  the  drive  shaft. 

An  arrangement  which  accomplishes  this  re- 
sult is  used  in  the  Bendix-Weiss  universal  joint. 
The  force  of  rotation  is  carried  by  a  pair  of  balls 
which  move  back  and  forth  in  specially  shaped 
runways  or  races  as  the  drive  shaft  rotates. 
The  races  are  given  such  a  shape  that  the  balls 
always  remain  in  a  single  plane  as  they  move  back  : 
and  forth  in  their  races.  Angle  A  will  always 
equal  ^gle  B  as  the  drive  shaft  rotates,  just  as 
in  figure  8-20,  and'  the  units  connected  by  the 
joint  will  therefore  rotate  at  the  same  speed. 

Four  carbide  balls,  free  to  shift  along  four 
races  (one  in  each  quadrant,  figures  8-21  and 
8-22),  carry  the /rotational  forces.  The  faces 
for  these  ball  races  are  machined  into  the  jaw 
for  the  socket  r/ng  and  the  hub  for  the  universal 
joint. 

The  four  trails  always  shift  together  m  a 
common  pl^e  (figure  8-23).  iVIoreover,  as  the 
socket  ring  shifts  in  angle  or  direction,  the  balls 
automatically  assume  a  new  plane  for  accurate 
transmission  of  rotational  niOvenieMs.  in  opera- 
tion, one  ,j^air  of  balls  carries  the  clockwise 
torque;  the  other  pair  carries  the  counterclock- 
wise tprque. 

(hough  the  hub  of  the  universal  joint  is 
key§dto  the  drive  shaft,  it  is  not  rigidly  attached, 
^s  shown  in  figure  8-24,  four  xectangular  pro- 
jections of  the  hub  engage  cutouts  in  the  drive 
shaft  for  a  positive  transniission  of  torque,  and 
the  two  pilot  keys  for  each  slot  provide  a  snug 
fit,  yet^iallow  slight  flexing  movements.  *  ^ 


so:": I  ^is 
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Figure  8-22.  — Bendix- Weiss  universal  joint 
assembly. 


Cylinder  Barrel 


(fig.  ^) 


The  cylinder  barrel  (fig.  g^-25)  is  also  driven 
by, the  A-end  drive  shaft,  and  accordingly  rotates 
at  the  Same  velocity  as  the  socket  png.  The 
barrel  has  nine  cylinder  bores  for  the  axial 
pistons  of  the  A-end,  and  the  head  of  each  bore 
has  a  slot-shaped  port.  As  the  cylinder  barrel 
rotates,  fluid  passes  through  these  ports  as  they 
align  the  two  crescent-shaped  ports  in  the 
stationary  valve  plate.  *  '  ' 

The  cylinder' barrel  is  loosely  keyed  to  a  drive 
blueve  to  perniit  full  contact  between  the  mating 
faces  of  the  barrel  and  the  valve  plate.  Two 
keys  150  degrees  apart  around  the  circumference 
of  the  diive  shaft,  serv^  as  lock  guides  for  the 
cylinder  barreU  '    -  ^ 


Figure  8-21.— Exploded  view  of  Bendix-Weiss  universal  joint. 
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Figure  8-23.  — Universal  joint  balls  remain  in  conxmon  plane  regardless  of  tilt  plate  angle. 
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Figure  8-24.— Exploded  Vie^y  of  drive  shaft  and  hub. 


A  <x)mpre&bion  springs  located  between  a 
spring  retainer  and  t)ie  barrel,  assures  proper 
contact  between  the  barrel  and  the  valve  plate  when 
the  unit  is  not  in  operation,  or'whenever  the  unit 
IS  started.  During  normal  dperation,  unbalanced 
internal  ...forces  (as  a  result  of  the  pumping 
action)  hold  the  barrel  in  cont&ct  with  the  valve 
'plate.  ' 

A  bearing,  mounted  in  the  center  of  the  valve 
plate  face,  supports  and  holds  the  drive  shaft  in 
proper  alignment.  \ 

The  non-rotating  tilt  plate,  a  bowl-shaped 
steel  casting  (figure  8-25),  provides  the  means 
'  for  changing  the  angle  of  the 'socket  ring  without 
interfering  v^ith  its  rotational  movements.  (The 
so^^Ket  ring  nests  within  the  tilt  plate,  and  both 
parts  move  in  unison). 

A  thrust  bearing  and  a  radial  bearing  ring 
pexniit  free  rotation  of  the  socket  ring  within  the 
tilt  plate.  The  thrust,  bearing  is  sandwiched 
between,  the  socket  ring  and  the  tilt  plate;  the 


radial  bearing  ring  encircles  the  circunriference  of 
the  socket  ring  and  rides  a^nst  the  inner  wall 
of  the  tilt  plate  (fig.  8-25). 

The  face  of  the  "rotating  socket  ring  has  nine 
hemispherically  shaped  sockets  to  support  and 
retain  the  ball-end  connecting  rods  of  the  axial 
pistons.,  ; 

The  tilt  plate  turns  on  two  trunnions  that  are 
integral  parts  of  the  bowl  casting  (fig.  8-25). 
These  trunnions  ride  on  bearings  within  the  A- 
end  housing^  « 

Besides  *^e  trunnions,  there  are  two  other 
tilt  plated  projections;  the  A-end  response  shaft 
(fastened  to^fhe  trunnion),  and  the  two  ears  with 
hemispherical  sockets  to  accomodate  the  stroking 
pistons.  (As  previously  e;q)lained,  £he  action  of 
these  stroking  pistons  establishes  the  position 
of  the  tilt  plate.)  . 
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TRUNNION 


Figure  8-25.— Principal  A-end  components. 
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B-END 


The  A-end  pump  is  us6d  in  co.nnection  with  a 
hydraulic  motor  or  a  B-end.  The  A-end  delivers 
liquid  to  the  B-end  which  is  used  as  a  motor  to 
perform  some  work  operation  b>  mtians  of  the 
liquid  delivered  to  it^by  the  pump.  The  only 
difference  between  the  punip  (A-end)  and  the 
motor  (B-end>^s  that  the  tilting  ^box  of  the 
motor  is  permanently  set  at  an  angle  which 
amounts  to  20**^  in  most  ordnance  set-ups. 

The  hydraidic  motor  (B-end)  can  be  directly 
connected  hydraulically  to '  the  pump  so  that 
both  the  pump  aad  the  motor  use  th§i  same  valve 
plate  and  ar^  located  in  the  same, housing  (type 
C,. installation),  (fig.  8-26),  or  the  motor  can  be 
set  up  at  a  dist^Lnce  from  the  pump  .with  the  two 
mechanisms  connected  try  piping  (tjrpe  K  instal- 
lation) (fig.  8-27).  How  the  B-end  i^  controlled' 


by  the  A-end  will  be  e:qplained  later  in  this" 
chapter  when  we  will  discuss  the  operation  of  a 
hydraulic  transmission. 

In  some  turret  hydraulic  systems  the  special 
K  type  installation  is  used  for  the  train  power 
drives  and  employs  one  A-end  and  two  B-ends 
which  drive  a  single  training  gear.  ||n  larger 
turret  systems,  the  two  B-ends  drive  two.  pinions 
of  the  train  drive  assembly. 

It  makes  no  difference  how  the  A-end  unit  is 
connected  to  the  B-end  motor;  the  theory  of 
operations  of  a  hydraulic  transmission  is  iden- 
tical. ^  '» 

Valve  Plate     '  ;^  ' 

The  \4l^^late  links  Jthe  A-end,  pump  to  the 
B-end  motor.  Althou^  the  valve  plates  for 
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Figure  8-26.— Type  "C"  installation  cab  unit. 
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different  CAB  units  may  vary  in  external  appear- 
ance, they  are  basically  similar  in  functional 
characteristics, 
_  A  CAB  valve  plate  has  two  accurately  machined 
""iuHaces  called  the  valve  plate  faces.  During 
CAB  operation,  the  A-end  cylinder  barrel  rotates 
against  one  of  the  face?,  and  the  B-end  cylinder 
barrel  rotates  against  the  other.  (Fig.  8-26). 

Two  crescent-shaped  openings  and  two  inter- 
housing  passages  (fig.  8-28)  extend  through  the 
valve  plate  from  face  to  face.  The  crescent- 
shaped  openings  port  fluid  between  the  A-end  and 
6-ends,  while  the  inter-housing  passages  allow 
the  free  exchange  of  circulating  fluid  between  the 
A-  and  B-end  components.  (This  exchange  of  fluid 
through  the  inter-housing  passages  does  not 
directly  influence  operation  of  the  A-end  pump 
or  the  B-end  motor,  but  it  does  dissipate  heat 
generated  within  the  CAB  unit). 

Safety. Relief  Valve, 

The  safety  relief  valve  limits  maximum  pres- 
sure buildups  between  the  A-end  and  B-end,  ports 
supercharge  fluid  to  compensate  for  slippage,  and 
serves  as  a  bypass  valve  whenever  the  brsJcing 
mochanism  is         A  compound  relief  valve  is 
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^  84.42 
Figure  8-28.  — F£^e  of  typical  valve  plate. 


used  as.  the  safety  valve  for  hydraulic  trans- 
missions and  uses  a  pilot  valve  tb  control  the 
main  relief  valve.  Both  the  compound  relief  and 
the  pilot  valve  were  e^qilained  earlier  m  this 
chapter  and  will  not  be  discussed  here.  Safety 
relief  valves  are  cometimes  called  mam  relief 
valves  when  used  with  the  type  ''C*'  installation 
and  are  connected  to  the  valve  plate  (fig.  8-26). 
In  the  type  ''K'*  installation  the  safety  relief 
valve  is  connected  to  the  drive  lines  between  the 
two  valve  plates  (fig.  8-27). 

AUXILIARY  GEAR  PUMPS 

A  small  auxiliary  gear  pump,  driven  by  the, 
same  electric  motor  that  drives  the  A-end  pump 
(fig.  8-29),  supplies  the  necessary  hydraulic 
pressure  for  the  control  mechanisms.  This  pump 
has  two  sets  of  gears.  One  set  produces  about 
400  to  500  psi  servo  pressure;  the  other  set 
delivers  *about  100  psi  supercharge  pressure. 
Servo  pressure  is  used  to  operate  the  control 
components  of  the  CAB'  unit.  Supercharge  pres- 
sure replenishes  fluid  losses  from  slippage  and 
leakage  and  maintains  the  low  pressure  ,line 
at  approximately  100  psi. 

In* our  discussion  so  far  yf/e  learned  that  a 
CAB  hydraulic  transmission  converts  a  constant- 
speed  mechanical  input  ^  into  a  mechapical, 
variable-speed,  bi-directional  output,  and  that, 
the  mechanical  input  to  t}ie^  A-end  is  the  rotating 
shaft  of  a  consfant-spe^d  electric  motor.  This 
shaft  drives  the  A-end.  fhe  A-end  pumps  hy- 
draulic fluid  to  the  B-end  and  the  B-end  trans- 
forms flow  of  the  hydraulic  fluid  iijto  rotary 
mechanical  motions.  The  position  of  the  Arend 
j:ilt  plate  controls  the  Volume  and  direction  of 
fluid  pumped  to  the  B-end  which,  in  turn,  controls 
the  output  of  the  B-end. 

The  servo  control  mechanism^  that  positions 
the  two  stroking  jistons  of  thQ  A-end  tilt  plate 
are  discussed  later  in  this  chapter. 

In  the  following  discussions  on  the  operation  ♦ 
of  the  A  and  'B-ends  the  schematics  used  do  not 
picture  the  actual  CAB  components.  For  illus- 
trative purposes,  only  two  axially  operating 
pistons  are  shown  for  each  of  the  A  and'B-ends, 
actual  units  have  nine. 'Figure  8-26  schematically 
illustrates  the  relation  of  the  A-end  to  other 
CAB  components. 

CAB  OPER.ATIONS 

With  tfie^  tilt  plate  positioned  at  an  angle,  , 
the  rotating  drive  shaft  of  the  electric  motor 
forces  the  axial  pistons  of  the,  A-end  pump  to 
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Figure *8- 29.— Dual  gear  pump  of  typical  cab  unit. 


move  back  and  forth  in:  their  cylinders.  The 
vtwo^ stroking  pistons,  shown  between  the  electric 
motor  and  the  tilt  plate^  establish  the  angle 
(position)  of  the  tilt  platp,  and  the  angj:^  of  the 
tilt  plate  determines: 

1.  The  volume  of  iluid  *  supplied  to  Ute  B- 
'  etf(3r-(The  volume-  of  fluid  varies  ,  directly  .  with 
thet.length  of  asdal  piston  stroke,  .and  the  length 
of.  piston  stroke  varies  directly  with  the  angle 
the  tilt-plate). 

2^  The  direction  of  fluid  flow. 

»>  .  ' 

Figures  8-30,  8-31^  and  8-32,  show  how  the 
angle  of  the  tilt  plate  affects  A-end  "operation 
'  while  the  drive*  shaft  of  the  electric  motor 
maintains  a  constant  speed  and  direction  of 

•  rotation. 

,  -  .Comparing  figure  8-30  with  figure  8-31,  note 
ihe  greater  angle  of  the  tilt  plate  in  figure  8-31 
produces  a  cori^spondingjy  greater  length  of 
axial  piston -stroke  to  discharge  a  larger  vol\une 

•  of  fluid,  ' 


\ 
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/'STROKE 


TUT  PLATE 
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Figure  8-30. -r  Tilt  plate  positioned  C6r 
short  stroke. 


84*44 


Now,  comparing  figure  8-31  with  figure  8-32, 
note  how  reversing^  the  angle  of  the  tilt  plate 
changes  the  direction  of  fluid  flow  in  the  con- 
necting lines. 

Figure  8-33  shows  the  tilt  plate  in  th^eutral 
position  •(pQi3)endicular  to  the  drive  shaft). %With 
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Figure  8-31.— Tilfepmte  positioned  for 
long  stroke. 
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s-  J'igure  8-32.— Tilt  plate  positioned  at 
reverse  angle. 
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the  tilt  plate  .lin  this  position,  the  pistons  do 
not  move  back  Ismd  forth  iii  their  cylinders  when 
the  drive  shaft  rotates  the  tilt  plate  socket  ring 
and  the  cylinder  barrel,  and  the  A-end  does  not 
pump  fluid  to  the  B-end. 

NOTE:  The  two  stroking  pistons  move  only 
when  changing  the  spaed  or  d.rectioa  of  B-end 
rotation.  n  *  . 

The  B-end  hydraulic  motor  is  similar  to  the 
A-end  hydraulic  pump,  but  has  a  fixed-position 
tilt  plate  and  operates  in  a  reverse  manner  to 
convert  hydraulic  pressure  into  rotary  motion. 

Figure  8-34,  8-35,  and  8-35  illustrate  B-end 
operation.  When  hydraulic  pressure  from  the 
A-end  is  applied  to  the  top  of  the  piston- as 
shown  in  figure  8-34  (for  clarity,  illustration 
shows  a  single  piston  — actual  unit  has  nine), 
the  resultant  thrust  of  the  ball-end  ooani3oting 
rod  aga:inst  the  inclined  soclcet  ring  causes  it  to 
rotate.  Since  a  universal  joint  connects  the 


PISTON 


CONNECTING 
ROD 


CYLINDER 
BARREL 


SHAFT 


^ FIXED 
TILT  PLATE 


ROT^^TfNG 
SOCKET  PLATE 


,  8^.47 


84.48. 


Figure  8-33. -Tilt  plate  at  neutral  position.       Figure  8-34. --Movement  of  B-end  pomponents*. 
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Figure  8-^35.— B-end  operation. 


socket  ring  to  the  B-ead  output  shaft,  both  the 
oatp.at  shaft  and^the  cylindef.  barrel  rotate,  with 
the  socket  ring.  '    '  ^     .    •  "7 

•  To  obtain  continuous  rotation,  hydraulic  fluid 
must  be  applied  to  the  piston  Jor  the  thrust 
stroke  and  drained  on  the  retutrf  stroke.  This' 
action  is.  earned  out  }yj  ,rOtatiiig  the  cylinder 


Figure  8-36.— B-end  c4)eration  (reverse  ^ 
direction). 

barrel  against  a  stationary  valve  plate  having  two 

crescent-ihaped  ports.  One  port  supplies  fluid  to 

tha  pist?Jn  on  the  thrust  stroke;  the  other  receives 

displad^d  fluid  from  the  piston  on  ^  return 

.  str6k6.  ^     '    .  " 

/ 

Figure  8-35  shows  how  a  B-end  operates  by  the 
fl^)w  of  hyjiraulic  fluid  pumped  from  an  A-fend; 
4^  the  piston  passes  undet.thefaigh-pressureport 
^ed-shaded  area),  it  is  forced downw^d,  and'this 
iction  causes  the  linit  to  rotate.  When  the  cylinder 
parrel  rotates,  the  cylinder  tJore  movefe  past  the 
*^and  separating  the  two  crescent-shaped  ports, 
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and  empties  into  the  low-pressuVe  port  (yellow- 
shaded  area)  as  the  piston  moyes  on  the  upstroke. 
This  discharge^port  for  the  B-erid  motor  connects 
ro  the  intake  port  for  th3  A-end  pump.  Thus, 
hydraulic  fluW  circulatei^from  the  A-end  to  the 
B-end,  and  then  returns  fjcom  the  B-end  to  the 
A-end.   *  .      *        "  ' 

By  reversing  the' angle  of  tli§  A-end  tilt  plate, 
the  flow  direction  changes,  and  the  B-end  rotates 
in  the  opposite  dirdttidn  (fig.  8-36).  - 
'    With  the  A-end  tilt  pla,te  positioned  for  the 

■  maximuni  piston  stroke,  the  A-  and  B-end  pistons 
/mctve  equal  distances,  and  theoretically,  the  A- 

^  and^-ends  rotate  at  the  same  speed. 

With. the  A::^d  tilt  plate  positioned  to' pro- 
duce' an  A-end  piston  stroke  that  is  only  half 
that  of  the  fixed-stroke  B-end  piston^s,  the  fluid 

^ufcut  of        A-end  cylinders  is  needed  to  fill 
Jaw  orte  B-^nd  'feylinder.  Accordingly,  the  B-end 

.   rotates'  at  half  the  speed  of  the  A-end.-  (As 
previously  e:q)lained,  when,  the  A-end  tilt,  is 


used  in  gun  weapon -systems. , One  t^pe  consists 
essentially  of  a  receiver-regulator  ad^  a  pump- 
motor  combination.  ,  T.he  receiver-regulator* 
controls  the  pump-motor  combination,  and  this 
in  turn  controls  the  movement  of  the  gun.  The 
pump-motor  combination  (A-B  end)  is  known  as 
an  electric-hydraulic  power  drive.  '  ;> 

The  second  type,  the  all-electric  powerdrive, 
employs  both  a.c.  and  d.c.  motors  and  an  amplidyne 
generator.  The  output  of  the  power  amplifier 
(amplidyne  generator)  controls  a  d.c.  drive  motor 
which,  in  turn,  controls  mount  movement.  Since 
the  amplidyne  generator  is  gapable  of  multiplying 
its  input  signal  as  much  as  10,000  ttmes-,  this  type 
poiver  drive  i&knowS^s  an  amplidyne  power  drive. 

The  N^vy  uses^owferdrivesof  various-designs 
and  complexiti^TLarge  electric-hydraulic  power 
drives  artHfSbd  to  control  the  movement  of  heavy 
turrets.  Smaller  poiver  drives  control  dual-^ 
purpose  mounts,  and  p^n  be*  either  electric- 
hydraulic  or  all  electric.  Regardless  of  the  type 


positioned  perpendicular  to  the  drive  shaft,  the  ^.  power  drive  employed  in  a  gun  weapon  system,  it 
A-end  pistons  canndt  move  axiallv.  and  the  R-end  *  hAR'  «.TOroi  nrimoT-ir  r.l.w^<^ 


.^-end  pistons  canndt  .move  axially,  and  theB-en^ 
^laft  does  not  rotate)'^.  - 

So- far  in  tfte  Chapter' we  have  discussed  the 
components  thti  make  up  a  hydraulic  system  r  We 
also  discussed  the  general  operation,  of  various 
h^rdt'aulic  un^fs,  but  did  not  delve  too  deeply  into 
how  these, tiiiits  are* controlled.  The  remainder 
of'  this  chapter  will  be  devoted  to 'power,  drive 
fundamentals  which  include  requirements  for  the 
control  of  power  drives*  * 


has'  several  primary  purposes  and  must  function 
as  sef  vomechanisms  (servo).  The  primary  par- 
poses  of  a  power  drive  servosystem  are  to— 


i>OWER  DRIV&FQNDAMEis^TALS 

There  are  t^o  principal  problems  in  position- 
ing a  gun  for  firWfe.  One  is  •to  get  an  Accurate 
gun  order  signal;  thia  is  solved  by  thfe  gun 
director-computer  combination;  The  other  pro- 
blem' is  to  transmit  gun  order  signals  promptly 
to  the  gun  in  such  a  manner  that  the  position 
and  movements  of  the  gun  will  be  synchronized 
with  the  signals  -from  'the  director.  The^  latter 
problem  is  complicated  by  th6  moverhents  of  the  ' 
gun  *f ailing  behind  or  oyej  runninj^gun  ordei* 
sisals. 'This  Is  du6  mjdni'y  to  inertia  of  the  gun,^ 
but  also  .part  due  to 'the  lag  .i*n  transmitting 
signals.  IneTtia  tonds  {o  keep  Che  gurian  motioni 
Gun  order  signals  are  always  changing,  not  only 
because,  of  changes  in  the  relative  position  of. 
target  anfl  ship,  but  also  because  of  the  roll  and' 
pjitch  of  the  ship.  l 

'  The  problem  of  transformihg gun  ordjer*signals 
to" mount  movement  is'splvedb;' the  power  driva  of 
the  gun.  There  are  tvjo  types  of  power  drives  • 
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1.  First,  and  most  important,  position  or^ax^ 
the  turret  or  mount  in  response  to  train  and 
elevation  order  signals.  f  ' 

2.  Compare  the  order  signal  and  the  e_xisting 
conditions:  standing  still,  moving  left  or  right, 
and  obtaining  a  difference  or  err^r  signal.  This 
Js  d.One- by^e-etror-detectorv: — — — 

3.  Amplify  a  weak  .error  signal  to  a  point 
where  work  dan  be  done  with  it.  This^is  the  job 
bf  the  amplifier. 

4.  Provide  a  means  to^  send  a  report  back  to 
the  error  detector  to  sgftisfy  or  null  out  the^ 
error  signal/This  is  called  response^r^ ' 

Since  power  drives  use  response  (feedback), 
they  are  classified  as  servom^chanisms.  Servb- 
mechanisma  (or*  serVbsystems)  cause  mechanical 
action  to  takejplace  automatically  in  response  to  . 
syndhTo  signals.  -  .        ^  . 


V  .  ^_^SER}^ECHANISMS 

ferVomechanigms^  called  servos  for  sho?rt, 
kre  used  extensively  in  ships^  weapon  systems. 
SyncKros  are  used,  in  servqsystems  to  control  tp 
the  position  and  movement  of  computing,  indl-  ♦ 
eating,  and  transmitting  devices.  The,  power 
driveAin  turrets,  gun  mounts\  directors,  and 
rdclUr launchers  use  some  type  of  servosystem. 
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Servog  are  part  of  a  •broad  «lass,  of  control 
'systems  that  opejaf^  on  the  principle  of  feedback. 
The  input  signal  to  a  servo  is  applied  to  an  error 
detector,  not  directly  to  the  amplifier.  The  input 
IS  an  order 'Signal  which  indicates  the  desired 
action  of  the  servo.  The  other  signal  to  the  error 
detector  is  a  feedback  signal  which  represents 
the  output  of  the  servo.  The  feedback  signal  is  the 
reaction  of  the  servo  to  the  error  signal,  which 
IS  the  input  to  the  amplifier.  The  error  signal 
is  the  difference  between  the  input  signal  and  the 
feedback  signal.  If  there  is  a  difference  (error) 
between  the  -  input  and  the  output,  .corrective 
action  automatically  takes  place  to  reduce  the 
error  toward  zero. 

The  feedback  signal  forms  sS^closed loop  within 
the  seryo.  In  other  words,  there  is  a  complete 
path  through  the  servo  to  tne  load  and  back  to  the 
error  detector.  The  output  affects  the  input, 
and  thus  provides  automatic  foUowup  controU 
There  is  no  standard  definition  of  a  servo. 
In  this  chapter,  we  will  call  a  servo  an  elec- 
trical, electronic,  mechanical,  or  hydraulic  sys- 
tem which  uses  feedback.  All  servos  Tmve  the 
following  charapteristios, 

A  servo  is  a. control  device  whope  basic  job-is 
'  to  position  a  load.  The 


gun  mounts»..servo  control  systems  are  known  as 
power  contaifei,  stroke  control,  or  electronic  servo 
control  systems.  In  turrets,  seryo  control  sys- 
tems are  called  automatic  seryo  system,  power 
servo  contrpl  system,  and^servb  control  system. 
No  matter  what  a  servo  contyol  system  is 
called  or  what  type  of  output  it  employs  to 
control  a  servomeohanism,  the  basic  require- 
ments are  common.  Because  of  this,  we  can 
divide  a  servpmechanism  into  three  groups,  as 
in  figure  8*37,  and  e^qplain  the  functions  of 
devices  that  make  up  each  group, 

RECEIVER  REGULATOR 

The  p.u|giose .  of  a  receiver  regula 
control  t^^ositions  of  turrets,  gun^  _ 
and  racket  launchers  in  train  and  elevation  by 
converting  gun  order  signals  into  equ^alent 
power  drive  control  action. .  There  are  many 
different  types  'and  designs  of  receiver  regu- 
^fators,  but  all  types  can  be  divided  into  two 
'  aftjtiDns:  indicating  section  and  control  equip- 
ment section.  All  turrets  and  gun  mounts  have 
two  or  more  receivers  as  part  of  their  ser 
systems,  ^hey.  act  intiependently  of  each 


differ  only  in  their  design.  The  trair 
ceiver  regulator  fias  a  parallax  input  to  < 


^   „   load  may  be  4  turret,  ^ 

gun'^mount,  coniputing  device,  dr  hydraulic  valve.  ^ 
The  load  is  attached  in  some  manner  tg  the  output 
of  the  servo.  Consider  a  gun  mount.  Its  position 
is  controlled  in  accordance  with  train  iiid  eleva- 
tion brSers  which  are  inputs  to  the  servo. 


com- 
pensate, for  horizontal  parallax,  which  is  the 
angle  ^orm^d  in  .the  .hojizojxtai.  plane_  at » the  _ 
t^Pget  by  the  intersectionof  the  line^  of  sight  from 

  the  two  ordnance  stations,  the  director  and ^the 

A  sirvo'ls-a'pGW-er  amplifter.-The-tnput  to       mount.  Parallax  is  explained  in  detail  in  chapter 
servo  is  usually  a  very  small  signal.  It  is  too  .  .  ■ 


weak*  to  move  the  load  by  itself,  so  some  sort  of 
power  ampli|iC£d;ion  must  take  place  within  th§ 
servo^  Again,  take  as  an  example  a  servo  Used 
tp  position  a  gun  mount,  the  input  tcTthe  servo 
is  sometimes  so  small  it  can  be'  measured  with 
a  milliammeter.  To  develop  Enough  power  to 
move  th6  great  weight '  of  a  gun  mount,  requires 
currents  in  the  amp^sragc  ]*a:tge.  Therefore  most 
servos  you  will  work  with  have  one  or  more 
amplifying  stages.  The  .amplifier  jpay  be  elec- 
trical,'  electironic,  hydraulic,  or  two  or  more  of 
tjiess  in-coml")ihation.       .     ^  -  . 

•  SERVO  CONTROL  REQblflEMENTS 

J* Servo .  control  systems  for  a  .turret,  gun 
mount,  and  rocket  launcher  all  have  the  same 
basic  requirement,  and  Bite  made  up  of  specific 
components  which  dap-3nd  on  each  other  to  p3r- 
.  form  the  functions  of  a  sei*vomechanism«  There 
are  many  differen*  nqmos  for  serv^  c?)ntrol. 
systems  used  in^  ordnance^  equipment.  In  lAosf 


12. 

,  The  elev^ation  receiver  regulator  employs  a 
l-olter  path  compensator  which  porrects  the  gun 
elevation  order  .for  any  tilt  in  the  gun  roller 
path  plane.  Train  position  information  is  sent 
to  the  roller  path  compensator  .through '  the 
train  response  asserpbly  which  indicates  the 
degree  of  mount  train  from  the  highest  point  of 
inclination.  Roller  path  tilt  and  how  it  affects 
gun  fire  control  also  is  e^lained  in  chapter  12. 

INDICATING  SECTION 

•  Th|  indicating  equipment  'of  each  receiver- 
regulator  consists, of  the  vi^udl  signaling  devices  % 
used  to  show  gun  positions,  gun  order,  and 
correction  readings.  Figure,  8-38A  and  8-38B 
show  ttie  locdions- of  , these  ^^devices  on  ^the 
fa(5e  of  the  indicatlng^6quipment  for^lelevation^ 
and  train,  respective^.  The  face  of  the  indi-^ 
eating  equipment  on  ench  Instnmjent  is  illumi- 
i  nated  hy  feur  double  contact,  6-  to  8-volt  bulbs, 
set  in  two  light  wells,  "  - 
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Figure  8-37,— Power  drive  seirvosystefii. 
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Figure  8-38A.— Elevation  indicator-regulator  dial.. 
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components 

The  components  of  the  indicating  equipment 
of  the  indicator-regulator  are  — 

X 

Gun  position,  indicator. 
Gun  orde^r-indrcator.  , 

Parallax  correction  indicator  (train  only). 
Roller  path  inclination  indicator  (elevation). 
Star  shell  signal  indicator. 


Gun  Position  Indicators 

Gun  position  is  given  in  the  respective  in- 
struments by  two  mechanically  driven  dials, 
marked  ELEVATION  MINUTES  and  TRAIN 
ANGLE.  Bgth  of  these  dials'  are  calibrated  to 
show  angle  of  elevation  or  mount  train  against 
a  fi^d  pointer  at  their  left  sides. 

OH.  tha  elevation*  iiidic'ator-regulator,  there 
are  twi\  concentric  gun-position  dials,  an  outer 
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Figure  8-38B'.  — Roller  path  inclination  dial 
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(ring)  dial  and  an  inner  (^;s6)  dial,  that  show 
gun  position  in  elevatioij^i^ative  tc  a  horizontal 
i^eference  '  plane.  Thp^outer  (ring)  dial^is^a 
'coarse  reader,  marfed  from  zero  to  Tiod^min- 
utes  in  the'  Mk  34  instrumen^t,  and  to  9000 
minutes  in  the  Mk  42. 

The  ring  dial  is  graduated  in  increments 
of  100  niinutes  and  numbered  every  500  minutes. 
To  facilitate  reading,  the.  last  zero  is  omitted 
from  each  number.  The  inner  dial  (fine  reader) 
perimeter^is  marked  from  00  to  100  s^^  times. 
Graduations  on  the  dial  are  marked  in  5  minute 
intervals  .and  numbered  every  20  minutes  from 
00  through  80. 

On  the  train  indicator-regulator,  the  position 
dials  indicate  mdunt  position  in  train  ^without 
parallax  correction.  The  train  ring  dial  is  a 
coarse  reader,  numbered  every  10  degrees  from 
zero  to  360  degrees,  the  final  zero  being  omitted 
from  the  markings..  The .  inner  dial  is  a  ftne 
reader,  marked  in  5-minute  intervals  from  zei:o 
to  10  degrees,  and  numbered  every  20  minutes. 

The  disc  dials  are  positioned  by  corrected- 
response  shaft  inputs  from  their'  elevating  or 
training  gear  drives.  The  ring  dials*  receive 
this  sanie  input  through  a  worm  reduction. 

f 

Gun  Order  Indicators 


The' guiToraer  Indicators  of  eaclTTndicator- 
regulator  consist  of  follow-the-pointer  dials  and 
zero-reader  dials  (figs.^  8-38  and  8-39).  The 
zero  reader^is  a  single  disc  dial  which  is  read 
against  a  fixed  index  on  the  instrument  panel 
(mask).  Th^  fojlow-the-pointer  indicator  has  an 
inner  disc  dial  and  an  outer  ring  dial. 

Gun  orders  are  received  electrically  from  the 
gun  director  syster^i  and  are  indicatSti  by  rotation 
of  the  disc  dials;  'the  inner  foUow-the-pointer 
dial  being  driven  by  a  fine  indicating  synchro 
•motor,  and  the  .zero- reader  dial  by  a  coars^ 
indicating  synchro'  motor. 

Corrected  mechanical  response,  derived  from 
actual  gun  and  moi;nt  ny>vernents  in  elevation  and 
train,  turns  the  stater  of  the  coarse  indicating 
(xerdrxeader)^bynchro  and  the  follow-the-poij^r 
ring  dial.  ^  ^ 

When  corrected  mechanical  response  is  equal 
to  gun  order,  the  index onthe  zero-reader  (coarse) 
dial  is  aligned  with' a  fixed  index,  and  the  ind^x 
on  the  foUdw-the-pointer  ring  dial  is  aligned 
with  the  zero  graduation  on  the  disc  (fifte)  dial. 


Elevation  Gun-Order  Indicators 

"   /  ' 

The  gun-order  dial  (zero  reader)  graduations 
for  elevation  indicator-regulators  are  shown  in 
figure  8-38.  The  zero  reader  coarse  dial  is 
marked  in  100  minute  increments  from  1800 
through  2200  and  numbered  18,  20,  and  22 
respectively.  The  foUow-the-polnter  (fine)  di^ 
is  graduated  in  5-minute  intervals  and  numbered 
from  zero  to"  60  in  20  minute  increments  on  each 
size  of  zero.  The ,  follow-the-pointer  ring  dial 
fs  marked  only  with  an  ii^ex  arrow. 

Train  Gun-Order  Indicators 

The  gun-order  dial  graduations  for  train 
indicator-regulators  Mk  46  are  shown  in  figure 
8-39.  In  Tx5th  the  Mk  38  and  Mk  46  instruments, 
the  zero-reader  (coarse)  dial  is  graduated  at 
five-degree  intervals  from  350  degrees  through 
zero  to  10  degrees,' and  is  marked  with  the 
numerals  35,  0,  and  1  at  each  10-degree  gradu- 
ation. One  revolution  of  the  dial  represents  360 
degrees  error  (difference  between  order  and 
mount  positioh)  in  train.  On  Mk  42  instruments, 
the  follow-the-pointer  (fine)  disc  dial  is  gradu- 
ated in  IQ-minute  steps  to  1  degree  on  each  side 
o/  zero,  being  marked  with  the  numerals  1% 
l^  One  revolution  of  this  dial  indicates  a 
ch^ge  in  sign^  of  10  degrees.  Between  1^  right . 

 an(i_l?_left,  -ttie— dial— is-4iot  numbered.  The 

follow-the-:pointer  ring  dial  is  marked  only  with 
.an  index  arrow,  each  •  revolution  of  the  dial 
being  equivalent  to  a.  change  in  signal  of  10 
degrees.  On  JtK  38  instrupients,  the  follow-the- 
pointer  dis<rdial'  is  graduated  at  iive-minute 
intervals  from  0  to  5  degrees  6n  each  side  of 
zero,  the  5-degree  graduation  being  common  for 
both  right  and  left  scales.  The  graduations  are 
numbered  every  20  minutes  up  to  2  degrees,  and 
at  3,  4,  and  5  degrees  thereafter?  As  in"^ 
Mk  46  instrument,  the  ring  dial  has  only  an  ^ 
index  arrow. 

^Roller  Path  Inclination  Indicator 

The  roller  path  indicator  shows  bearing  from 
^  the-  high  point  (fig.  8-38B).  This  dial  is  actuated 
by  train  respohse  so  that  its  circular  scale 
indicate;^  mount  traip.  This  scale  is  graduated 
in  5-degree  steps  and  numbered  from  zero  to 
360  degrees.  A  pin  in  a  slot  at  the  center  of  the 
dial  indicates  inclination  of  the  roller  path.  *^ 
The  linear  scale  is  graduated  in  2-minute  steps, 
and  mupbered  from  ^ero  to  60  minutes. 
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Figure  8-39.-^Train  indicator-regulator  dial. 
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NOTE:  All  train  indicator-regulator  dials  ro- 
tate in-  the  same  direction .  as  the  mounts  are 
turning  (when  their  rotation  is  caused  by  actdal 
mount  train).  ^\\  elevation  indicator-regulator 
dials  move  in  an  upward  direction  past  the  index 
arrows  (when  their  rotation  is  caused  by  actual 
'gun  elevation).  '  .         •  - 

Pfiirallax  Correctioi    .  Jicator 


In  the  train  in 
allax  correction 


mating  system  only,  a  p£r- 
*p!Ql   rotates  the  parallax 


syndhro  rotor  and  its  zero-reader  or  disc  dial 
(fig^  8-39).  Mount 'parallax  response' rotates  the 
parallajc  synchro  sfator  and/thfe  parallax  ring 
dial*  When  gun  train  position  is  corrected  for 
parallax,  the  parallax  zero-rea^r  dial  is  aligned 
with  the  fixed>  index  row.  value  of  the 
parallax"  correction -is  then  'given  by  Ue  rea^j^ 
on  the  ring  dial  at  the  fixed  index*  The  ring  dial 
is  graduated  in  10-minute*  steps,  from  zero  to  12 
degrees  pn  each  Side  of  zero,  eypry  degree  being 
numbere*d.  The;  zero  point  on  the  inner  dial  is 
also  marked. 
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Search  Spreads  *        ,  ' 

^      The  zero-readqr  parallax  dial  has  graduations 
'  in  niost  installations  to  facilitate  the*  firing  of 
illumlxvating;  projectile  sesirch  spreads*  Wiien 
'firing  search  spreads  of  illuminating  projectiles, 
use  is  made  of  the  parallax  zero^e'ader  dial  and 
the  parallax  knob  (fig.  8-39). 

Th^  otfter  graduations^  on  the  disc  dial  are 
used  as  a  guide  in  offsetting  the  mount  from  the 
transmitted  train  order  so*as  to  produce  a  diver- 
gence of  train  angle  between  adjacent  mounts. 
Starting  from  the  zero  graduation,  there  ^  are 
six  gra'duations  in  each  dii^jction,  every  second 
one  being  marked  l  dep^e,  2  degrees,  aiyi  3 
degrees,  'respectively,  rhe  zero  graduation  is 
markedwith,an  arrow  and  the  numeral  0.  bpacing 
of  the  graduations  on  the  .dials  is  diffe 
each  mount,  however,  because  of  the 
in  parallax  gearing  in  the  train 
regulators. 

On  dials  for  mounts  located  aft  of  a  reference 
point,  STBD  is  engraved  to  the  left  of  the  jzero 
graduation,  and  PORT  is  engraved  to  the  right  erf* 
the  zero.  For  mounts  forward  of  the  reference 
point, 'this  arrangMi^t  is  reversed. 'The  en- 
gravings (S^5^BrandP8fiR^  the  corre^nding 
graduf^fioirB  and  nirniberV;,  are  colored  green  and 


red,  respectively.' The  arc  of  spread  of  mounts 
on  a  ship  can  be^.varied  from  1.5  to  9  degrees 
by  using  the  graduations'  to  obtain  divergence  of  ' 
train  angle  between  adjacent  mounts  (fig.  8-40). 
To  obtain  a  2,5-degVee' divergence  between  adja-  , 
cent  mounts,  the  2.£K;degree  marks  on  the  dials 
arg  matched  with  the/tixed  indexes  by  means  of 
^'the  parallax  kitobs  (fig.  8-39).  • 

Star  Shell  Signal  Indicators  .  * 

The  star  shell  signal  indicator  on  each  in-  . 
'9trument  consists  of  two  double-contact,  6-  to 
8-volt  lamps,  housed  in  a  lightwell  and  located 
under  •  a  red  glass  in  the  top  corner  of  the 
indicator-regulator  (figs.  8*38  and  8-39).  (Ele- 
vation Indicator-Regulators  Mk  34  and  Train 
Indicator-Rfegulators  Mk  38  have  a  blue  glass^ 
^  on  thg  star  shell  signal  indicator).  The  lamps  are 
lighted  whenever  the  mount  is. ordered  to  fire- 
illuminating  projectiles,^  and  hence  does  not 
follow  the  same  director  sfgnals  as  the  balance 
of  the  l^atterx. 

CORRECTIVE.  DEVICES 

A  parallax  corrector  is  located  in  the  aft  ^' 
section  of  each  receiver  regulator.  This  ' 
mechanical-electrical  assembly  contains  other 
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Figure  8-40,-— Mount  positions-for  5-d&^ee  star'shell  spread, 
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au»liary  components  in  addition  to  dials  which 
show  the  amounts  of  the  corrections*added  to  the 
order  as  well  as  the  position  of  the  gun. 

The  fxmction  oi  the  parallax  correctoi:  mech- 
anism is  to  receive  the  unit  parallax  signal 
transmitted,  select  an  appropriate  portion  of 
this  Signal  as  determined  by  the  mount  position, 
and  to  mociify  the  B-end.response  tothe  gun  order 
synchros  by  this  correction.  * 

The  train  regulator  has  two  external  mech- 
anical inputs  t6  the  90r  rectory  gun  train  response 
and  star  Shell  spread.  The  staf  shell  spread  is 
applied  manually  to  the  correction  gear  train 
through  the  hand  crank  and^a  spring-released 
clutch. 

The  elevation  parallax  corrector  has  two 
external  mechanical  inputs.  One  is  gun  elevation 
response  and  the  other  is  gup  train  response. 
The  train  ''B*'  end  response  input  drives  a  roller 
path  Git  corrector.  The  tilt  corrector  in  turn 
adds  a  mechanical  signal  to  the  corrector. 


Regardless  of  the  method  us^,  the  parallax 
mechanisms  operate  the  same,  ohly  the  magnitude 
of  signal  being  changed.        /    •  - 

Pigures  8-41  and  8-42  ij^ustrate  the  parallax 
correction  problem. 


Parallax  Correction 

^  Parallax  correction  components  are  prdvided 
m  botb.the  tjrarn  and  elevation  receiver  regulators. 
Wrtliour  ITafalax  correction,  the  gun* would  be 
pointed  parallel  to  the  Une  of  sight  of  the  director 
and,  because  of  .the  horizontal  distance  between 
the  director  and  the  mount,  the  gun  would  not  be 
pointed  arthe  -  target.  The  ,  amount  of  parallax 
correction  needed  degendsuponmany  factors  such 
as  the  distance  to  the  target,  the  bearing  of  the 
target,  and  the  horizontal  distance  between  the 
director  or  reference  point  and  the  gun. 

The  use-  of  parallax  co,Brector  mechanisms 
can  be  varied  in  many  ways,  and  actual  method  of 

'  use  is  generally  determined  when  the  ship  class 
characteristics  ariS  determined.  Generally, 'cor- 
rection   for    -train   parallax,    correcting  for 

'  horizolital  distance  between  mount  positions  and 

*  reference '  jdirector,  is  always  made.  However, 
sfeveupal  variations  In  the  use  of  elevation  parallax 
mechanisms  are  in  sejvice:      ,  ^ 
* '  ■• 

'  1.  The  elevation  paxfiUax  corrector  corrects 
'fojr  a  verUcal  distance  between  the  average  height 
Of  all  mounts  and  the  reference  point. 

'  2.  The  elevation  parallax  cdrrector  corrects 
for  the  ejevation  angle  component  resulting  from 
the  train  parallax  angle,  ^ 


The  electrical  signals  sent  to  the  receiver 
regulators  by  the  computer  to  correct  for  parallax 
are  called  umt  parallax.     Unit  parallax  is  the 
parallax  correction  ahgle  for  a  gun  with  a  hori- 
zontal displacement/ of,  300  feet  fore.or  aft  of  / 
the  reference  point/ If  a  gun  is  mounted  at  any 
other   distance  from  the'  reference  point,  tiie 
parallax  correction  angle  will  be  a  proportionate 
part  of  unit  par^ax  based  on  the  ratio  of  the 
distance  of  the  gun  Irom  the  reference  point  to 
the  standard  unit  parallax  distance  of  300  feet. 
Guns  aft  of  the  reference  point  will  have  the 
correction  signs  reversed  when  compared  with 
•  forward  guns.  Smce  unit  parallax  must  be  changed 
to  give  a  signal  which  corresponds  with  the  fore 
and  aft  position  .of  the  gun,  a  set  of  gears  is 
mounter)  in  the  parallaxcorrector. These  parallax 
change  gears,  as  they  are  called,  introduce  the 
ratio  that  is  required  to  convert  unit  parallax  into 
the  proper  parallax  correction.  A  diagram  of  the 
change  gears  is  shown  in  figure  8-43. 

Gears  A,  B,  and  C  may  "be  changed  to  agree 
with,  the  position  of  Uiejnount  on  which  they  are 
being  used.  ^  ^ " 

The  method  of  adding  parallax  correction  to 
the  fetevation  orders  is  similar  to  the  method  used 
in  adding'parallax  correction  to  the  train  orders* 
For  this  rea*son,  the- procedure  used  in  addingthe 
signal  to  the  train  order  \vill  be  e:q)lained  with 
the  differences  for  elevation  noted. 

Umt  parallax  signal^  are  recei  ved  electrically 
at  the  parallax  corrector* on  the  stators  of  1-  and 
36-3peed  synchro  control  tranBfontiers.  A  synchro 
Qhangeover  device  in  the  ^allax  corrector 

*  amplifier  changes  the  signal  to  the  proper  synchro 
in  /aecotfd^ce  with  the  magnitude  of  the  input 

*  signal.  *^ 
Jhe  rotors  of  these  synchros  are  geared  to  the 

parallax  motor.  Any  difference  between  the  input 
signal  and  the  rotor  response  positioner oduces  a' 
signal  voltage  in  th^.  rotor  winding.  This  signal 
'  is  amplified  by  the  parallaX  amplifier.  A  servo- 
motor receives  this  amplified  sign^-and  drives 
ihe  receiver  ^nchrorotorsinto  sy  nchronism  with 
the  Incoming  signal.  As  the  rotors  near  their 
point  of  synohfonism,  the  changeover  fron^  the 
l-spee(3' receiver  to  the  30-speea  receiver  is 
accomplished^by  a  synchro  chaiigeover  circidt  fn 
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Figure  8-41.— p^arall^  correction  to  gun  ordex* 
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the  parallax  amplifier.  When  the  rotor  is  syri- 
-  cferonized  with  the  stator  signal,  the  rotor  output 
signal  is  zero,  indicating  that  the  required  parallax* 
correction  has  Been  added  to  the  train  order. 

The  parallax  motor  driven  the  unit  parallax 
dial,  the  parallax  limit  stop  » mechanism,  the 
parallax  change  gears,  ^ncr  other  gears  which 
drive  the  correction  output  shaft.  The  correction 
output  shaft  adds  the  parallax  correction  to -the 
gear  train  of  the  train  order  response  sfgnal. 
♦ 

In  the  elevation  parall^ix  corrector,  the  cor-%, 
reetion  signajl  is  added,  to'"^diff^rential  gearing 
axfd  combined  with  the  roller  path  tilt  correction, 
and  the  algebraic  sum  of  these  inputs  is  used  to 
.•correct  the  elevation  order  response. 

Roller  Path  Compensator  *  * 

Due  toniount  placement  aboard  ship,/i  gun  may 
not  be  installed  horizontal  (parallel)  with  the 
gun  director,  and  the  resultant  tilt  affects  the 
elpyation  angle  of  the  gun.  A  roller  path  com- 
pensator (figs.  8-44 'and  8-45)  in  the  elevation 
receiver-regulator  corrects  for  tilt  errors  by 
modifying  the  positionjnput  signal  to  the  synchros. 


^  The  correction  is  made  by  tuxningfan  adjusting 
sc^ew  on  the  compensator  to  align  the  horizontal 
planes  of  the  gun  director  and  the  gun  mount. 
This  adjustment  is  made. upon  installation  of  the 
mount  aboard  ship  and,  once  adju3teci,  should 
remain  fixed.  '      *   '  \ 

The  train  response  assembly  gearing  applies 
train  position  infomation^  (fig.  8-4§)  to  the 
roller  path  compensator. .An  eccentric  translates 
rotary,  motion  of  the  /train  position  input  to 
linear^motion  of  a  rack  gear.  This  motion  of  the 
rack  gear  is  transmitted  to  the  elevation  synchros" 
to  .correct  for  the  degree  of  roller  path  tilt. 

Train  response  enters  the  elevation  receiver- 
regulator  through  a  flexible  cable  connected  to 
"the  train  response  Assembly.     worm  .drives  a 
.  worm  gepr  that  is  coUpled  to.the  train  response* 
input  gear.  The  input  gear  drives  a  large  gear 
(fig.  8-44).  "As  the  large  gear  tuiTns,  a  gear- 
support  in  the  slot  of  ^  the  gear  turns.  The 
centering  blocK,  which -is  pinned  to  one -end  of  . 
the  gear  support,  pushes  the  guide  rails  and 
moves  the  compen^Bator,  carriage  up  and  down*  The 
rack  gear,  which  is  pinfted  to  the  compensator 
carriage,  moves  up  and  down*  with  it. 
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Figure  8-42.- Correction  to  gun  elevation  for  parallax. 


Figure  8-43.  —  Parallax  orange  gears.^  - 

Rack  gear  movement,  'transmitted  to  the 
synchros,  mechanically  repositions  the  synchro 
rotors.  Since  rack  -movemejit  is  proportional  to 
roller  path  'tilt,  the  elevation'  order  signal  is 
changed  to  compen^te  for  the  amount  of  tilt. 
As      example,  assume  that  the  roller  path  has 

•a  1-deeree  dpward  tilt  at  the  lO-degrfee  train  posi- 
tion, men  the  gun  is  ordered  to  train  lO  degrees 

,  and  elevate  50  degrees,  the  gun  will  actually 
elevate  49  de^ees._^ roller  path  tomppnsator 
in  this  example  orclgrs  the  synchro  to  elevate  1 


de'eree  less  than  the  ordered  position  to  com-, 
pensate  for  the  tilt.* An  adjusting -screw  in  the 
^nter  of  the  large,  gear  determines  the  amount 
of  carriage  and  rack  piovenisnt. 
CONTROL-SECTION  .  - 

The  control  equipment  of  each  receiver- 
regulator  receives  gun  orders  (electrically)  in 
automatic  control  and  (mechanically  or  elec- 
trically) inf'local  cohtrpl.  and  gun  response 
(mechanical^.  ^  addition.,  tfte  control  ef^Jipment 
of  the  train  unit  receives  parallax  (electrically) 
while  the  elevation  unit  receive?  roller  path  tut 
(mechanically).  The  equipment  conibines  these 
inputs  to  produce  a,  variable  flow  of  liquid  to  or 
from'  the  regulator  valve  block  and  the-- main 
piston  and  cylinder.  As  a  result  of  these  actions, 
the  \-end  tilting  box  is  positioned  to  control^ 
movement  of  the  guns  in  elevation  and  m  train. 

In  tne  study  of  the  theory  of  hydraulic  oj^ra- 
tion  in  a  receiver  regulator,  the  following  fact 
should  be  remembered:  .,. 

1.  The  INCREASING  order  is  the  si^al  which 
causes  right  train  "and  elevation.  . 

2.  The  DECREASING  order  is,  the  signaj 
■Which  causes  left  train  and  depression,  ^ 
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ERROla  DETECTIO^^ 

The  iiurpo6e  6f  the  errdr' detector  is  to, 
comgare  a  command  (order^  signal"  Som- the 
fire  control '  System  (FCS)  with  mount  position 
and,,  if  there  4f  a  difference,  to  -send  an  error 
sigrikl  to  a .  power  drive  servo  control  unit*  In 
otuf '  discussion  of  error  detection  we  explain 
t^o  methods  that  are  used  in  ordnance  equipment. 

An  error  signal  originates  when  an  FQS 
generates  an  order  signal.  Thg  order  signal  is 
"  applied  to  the  stators  :of  a*,  l-speed  (IX)  and 
36-speed  {36X)  synchro  control  transformers 
(Ct),  or  to  the  ^stators  of  ft  IX  and  36X  torque 
synchro  receiver  (TR);  this  signal  represents 
the  ordered  position  of  the' mount. 

First  we-  will  e^lain  the  operation  of  a 
m§chaili9al,  e?ror  detector  which  i's  a  cofnbina-  ^ 
tion  mechanical  electricM  arrangement  consisting 


of,  a  differential  c1c!^te^ssembly  (mechanical) 
directly*. connected  to  Its  order  input, device,  a 
simple  synchro  receiver  (electrical). 

^  Mechanical  Error  Detector 

^The  .majoy  components  of  the  mechanical 
.  err9r  detector  are  shown  in  figure  8-46.  Re- 
sponse^  mount  position,  is  geared  to  the  differ- 
ential cam;  when  the  mount'  turns,  the  differ- 
ential cam  rotates.  The  order  signal  isiflfa?Q(3uced 
.  to  the  differential,  cam  by  me^ans  of  ttSltorque 
synchro  receiver^ 

For  the  prese;it,  we  Nvill  consider  the  Synchro 
1  9ta{oi*s.as  being  fixed.  The  rotor,  howevepr,  'is 
free  to  turn.  The  only-^T^strictioa  is  in  th& 
differential  caip"asse,mbly.  AIL  cf  .these  devices 
are  located  in  the  .receiver  regulatpr  at  the 
^hiount.  *  .        -  . 
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Figure  8-45.—  Roller  path  compensator  internal  view.  ^ 


You  knpw  from  your  study'of  torque  synchro 
receivers  that  the  rote;:  of  our-er^or-detecting 
synchro  acts  as  a  slave  to  its  mate  in  the  fire 
control  system.  They  act  together  to  transmit 
position  data.  If  the  rotor  of  the  FC  trans- 
mitter .were  to  be  turned  clockwise  45%  .the 
receiver's  rotor  would  turn  clockwise '45%  Thus 
the  output  of  our  synchro  receiver  is  mechanical 
rotation  of  its  rotor— in  the  direction  and  in 
proj^ortion  to  the  anqount  of  the  order  signal. 

The  differential  cam  assembly'  (fig.  8-47) 
compares  gun.  order  with  gun  position.  It  con- 
sists of  a  2-pronged  fork  attached  through^  the 
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relief  cam  assembly*  to  the  rotor  of  the  fine 
control  synchro,  a  3-fingered  cam  follower^  and 
the  differenti^al  cam.  The  differential  cam  is  a 
liollow  cylinder  with  three  grooves  curving  up 
and  around  its  inside  surface.  The  fingers  of  the 
followers  slide  in  these  grooves,  and  the  prongs 
bf  the  fork  extend  down  through  slots  iii  the 
follower.  A  shaft  ^eirt^nds  downward  fi;om  the 
fo^ower  and  ils  secured  to  the  fine  pilot  valve. 

When  either  the  fork  or  the  cam  is  rotated, 
tlie  follower  will  move  either  up  or,  down  inside 
the  cam,  .depending  upon  the  direction  of  rotation. 
Thus,  reception  of  a  'signal  by  tiie  fine  control 
synchro  >3flll  cause  the  rotation  of  the  fork  -and 
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ORDER  SIGNAL^^ 
FROM  FIRE  CONTROL  ^ 


SYSTEM 


FORK 


.    MOUNT  RESPONSE 
(POSITION) 


TORQUE 
SYNCHRO 
RECEIVER 


DIFFERENTIAL  CAM 


CAM  FOLLOWER 


yERROR  SIGNAL 
>r  TOTHE  REGULATING 
'PORTION  OF  HYDRAULIC 
POWER  DRIVE 


FINE  PILOT  VALVE 


Figure  8-46,- 


■  .      ,  84;i83' 
-A  mechaniial  error  detector^ 


follower^  When  the  foUower  moves  up  or  down, 
the*  attached  fine  pilot  valve  is  also  moved. 

Mount  movement  (response)  is  geared  to  the 
differential  cam  in  which  the  follower  moves. 

t  As  the  mount  moves  to'  follow  a  signal,  the 
response  moves  the  tiifferential  cam,  displacing 
the  follower  and  the  fine  pilot  valve  in  a  direction 
opposite  to  that  produced  by  the  signal.  This 

*  actloft  returns  the  fine  pilot  valve  to  neutral  when 
the  gun  order  has  been  satisfied. 

RELIEF  CAM  ASSEMBLIES;  —  The  purpose/ 
of  thete  assemblies  is  to  permit  the  fine  and 
coarse  control  synchros  to  follow  the  gun  order 
signals  when  the  pilot*  valves  have  reached  their 
limits  of  travel.        #  '  , 

The  cams  (31  and  ^2  m  figure  8-48)  are  made 
,  so  that  their  contad^  surfaces  rise  uniformly, 
from  a  low  point.  The  roller,  attached  to  the 
driven  mephani^m,  in  normal  operatioi>  is  held 
in  this  low  point  by  its  spring.  Any  sudden  change 
in  the  position  of  the  cam  — due  to  a  reversal  of 
gun  order  at  high  speed,. for  exafnple— will 
moipentarily  cause  the.rollfer  to  leave  the  low 
point.  The  spring  will  return  the  roller  to  tfce 
.low  point  of  the  cam  fairJy  rapidly;  but. in  the 
interim,  the  movement  ofj  the  synchro  will  be 
prevented  from  reacting  too  violently  on  the 
hydraulic  end  of  the*control  system* 


—  AMPLIFIER 
VALVE  PISTON 


53.52 


Figure  8-47.  — Differential  cam  assembly. 


V  To  sum  up  this  section,  we  can  say  the  order 
.signal  and  response  are  compared  at  the' dif- 
ferential cam  assembly.  Any  difference  between 
the  two  constittftes  an  error  signal  which  causes 
movement  of  the  fine  pilot  valvjfe.  We  will  show 
later  how  this  movement  is  amplified  and  acted 
upon.  Before  that,  however,  liVs  return  to  the 
other  type  of  error  detector,'  the  ijontrol  trans- 
former^ ,      .  :^ 

Electrical  Ertor  Detector 

The  control  transformer  (CT)  is  sho<vn  in 
figure  8-49.  While  it  is  a  synchro;  sflfiilar  in 
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STATOR  WINDINGS  • 
INDIVIDUAL  RELD  * 
STRENGTH  DEPENDS  UPON 
ORDER  SIGNAL  FROM  ' 
SYNCHRO  TRANSMITTER 
IN  FIRE  CONTROL  SYSTEM 


MOUNT  RESP<5NSE 

-MOVED  BY  MOUNT  RESPONSE 
OUTPUT  -  ERROR  SIGNAL 
OtRECTJON  DETERMINED  BY 
pBgn    Rl  ELECTRICAL  PHASE  Of  SIGNAL 

I  5-  STRENGTH  OFSKSNAL  OEPENO- 

.  "2         ypQf^  THE  AMOUNT  OF 

VOLTAGE  'INDUCED  INTO  ROTOR 
WINOINOS  FROM  RESULTANT 
STATOR  FIELD 


ORDER  POSITK>N-0* 
MOUNT  POSITION-OOO* 

ERROR  VOLTAGE-0  VOi-TS 


® 


ORDER  POSITION -045* 
MOUNT  POSITION-OOQ* 


ERROR  VOLTAGE- 27  1/2  VOLT* 


® 


several  ways  to  the  one  used  with  the  differen-' 
tral  cam  assembly,'  tbere  are  some  important 
differences.  The  first  is  that  thei^e  is  no  direct 
supply  of  voltage  to  its  rotor  windings.' Any 
flow  of  cnirrpnt^in  the  rotor  must  be  induced 
from  the  stator  fields.  Secondly,  you  can  see 
frqm  the-  illustration  that  mpunt  response  is  . 
connecte'd-  to  the  CT's :  rotor.  , The  rotor  will 
move  only  when  the  mount  movies.  It  also  differs, 
in  its  type  of  outjut,  *which  is  electrical  rather 
than  mech&niCal. 

Before  going  further  into  our  discussion  of 
/  the;  CT  as  an  error^det^ctor,  iook  at  figure 
8-49B  while  we  point  ouj;  some  additional  infor- 
^mation.  .The  large   arrow,  in  each  of  the  3 
illustrations  represents  the  order  signal*  It  is 
•  actually  'a  resultant  (combinati6n)^of 'the  flux, 
fields  of  the  3  stator  >^indings.  Considering  the 
3  stator  wjn&ngs  as  one,  the  field  has  a  definite  ^ 
angular  position.  When  the  rotor  of  a  correspond- 
ing transmitter  (in.  the  fire  control  system)  is 
moved,  the  voltagfes  ifi  the  CT  stator  field  voltages 
.  rotate  their  resultstnt  field,'  represented  by  the 
large  arrow.  The  direction  and  amount  of  rotation 
is  proportional  -to  the  error  signal.  This  being 
a  1-speed  CT,  if  the  signal  calls  \for  the  mount 
to  move  clockwise  45^  the  resultant  stator  field 
moves  clockwise  ^   45?,        One  more    bit  of 
information— voltage  is 'induced  from  the  stator 
fields  into  the  rotor  by^  cutting  lines  of  flux, 
tl3|Lt  is,  by  transfdrmer  a-i^tion.  Any  time  the  rotor 
is  ^0®  from  ihp  fetge  arrow,  no  lines  pf  flux  will 
be  cut,  and  a  certain  voltage  will  be  induced  into 

^the  rotor. 

« 

Nowvlook  at  figure  8-49B,  (1>.  Her^  mount 
.  -position  and  order  signal  agree.  The  CT  rotor  is 
^0**  firom  J;he  large  arrow.  No  error— no  lines  of 
flux  cut— no  induced  voltage  — no  output  to  the 
power  drive. 


ORDER  POSITION- 045* 
MOUNT  POSlTION-045* 


ERROR  VOLTAGE-0  VOLTS 


(D 


In  figure  8-49B  (2)  an  order  is  suddenly 
received  for  the  mount  to  go  to  045^  As  the 
*  mount 'at  this  instant  is  still  at  000%  the  CT*s 
rotor  has  not  moved.  The  large  arrON/  (resultant 
of  tlje,  3.  stator  fields)  now  induces  an  amount  of 
voltage'  into  the  rotor  proportional  to  the  error. 
ThQ-  output  of  tfie  rotor  i-s»  a  voltage,  the  error 
♦signal.  This  signal  is  sent  on  fo  an  electronic 
QQXVO  control  unit  servoamplifier. 
'  '  The  output  of  the  servoamplifier  controls- the 

*    '         .  *  *    electrohydraulic  servo  valve  which  will  position 

/   "  ^'  .    .the  mount  into  ^agreement  with  th^  order  signal. 

84.184  , '   In  figure  8-49B  (3),  the  mount  has  been  driven 
Figure  8-49.^  The  gontrol  transformer  —  A.  The   to  045%  Response,  moving  with  the  mo^rit,  has 
Glas  an  error  detector.  B.  Actions  of  the  CT  ^rotated  tfie  rotor  back  td^  its^ original. position 
^    as  mount  moves  in  response.  '.in  relation  to  the 'large  arrow  (90").  At  this 
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point  the  order  has  been  carried  out.  No  error 
exists  and  there. is  no  further  output  from  the 
rot^r.  ' 

TlIE  AMPLIFIER 


^  We  have  shown  how  error  signals  are  pro- 
'  duced*  In  both  cases,  however,  the  signals  are 
relatively  weak,  Thp  output  of  the  simple  synchro 
,  differential  cam  assembly  can  be  measured  in 
ounces.  The  electrical,  output  of  the  control 
transformer  at  best  will  be  only  a  fraction  of  the 
115-volt  supply  of  the  transmitter. 

We  will  now  show  one  way  in  which  each  tyipe 
of  signal  can  be  amplified.  We  will  start  with  the 
ej^lanation  with  the  error  produced  by  the  dif- 
ferential cam  assembly.  We  will  show  how  the 
simple  up  and  down  motion  of  the  fine  pilot  Valve 
is  converted  to  a  hydraulic  signal  and  then 
amplified* 

HYDRAULIC  AMPLIFICATION.  — In  figure 
8-50  you  see  a  stroke  piston  held  m  l^alance  by 
two  diffefent  fluid  pressures.  The  balance  is 
maintained  by  the  500  psi  working  on  a  piston 
face  area  TWICE  that  of  the  1000  psi.  The  1000 
psi  is  held  constant.  The  500  psi  is  actually  a 
,  variable;  it' can  be  reduced  below  that  pressure 
or  built  up  above  it.  Controlling  this  pressure 
is  the  job  of  the  main  control  valve.  ^ 

The  main  control  valve  is  positioned  in 
figure  8-50  so  that  the  high  pressure  control 
HPC  (1000  psi)  port  and  PX  (ej^sl)  (0  psi) 
are  opened  to  the  center  chamber  of  the  valve 
by  small  but  equal  amounts.  The  pressure  fprmed 
in  the  chamber  is  one  half  HPC,  or  500  psi. 

If  the  valve  is  moved  slightly  to  the  left, 
PX  will  tend  to  close  off  and  HPC  will  be  opened 
slightly.  Intermediate  high  pressure  (IHP)  in 
the  center  chamber  will  then  rise  toward  1000 
psi.  This  causes  the  balance  at  the  stroke  piston 
to  be  upset,  and  it  will  move  to^the  right  with 
considerable  force.  • 

'Moving  the  main  control  valve  to  the  right 
causes  the  same  actions,  but  in  reverse.  HPC 
will  tenc}  "to  close  off  while  PX  will/open.  Now 
IHP  will  drop  and  the  1000  psi  at"  t^e  stroke 
piston  will  cause  the  piston  to  move  left. 

One  word  of  explanation  before  we  bnng  the  . 
synchro  receiver  and  the  fme  pilot  valve  back 
Into  the  picture.  The  main  control  valve  is  moved 
not  so  much  by  changing  pressures  in.  its  end^ 
chambers  as  hy  allowing  fluid  to  flow  into  and  out 
of  the  chambers.  That  is,  by  changing  the  fluid 
volume  in  the  chambers. 


Let  us  a^suiiie  that  a  right  train  order  signal  is 
received  b>  the  synchro  receiver.  Movement  of  the 
rotor,  and  differential  cam  opel*ation,  wdil  pull  the 
pilot  valve  upward.  The  fliCidin  the  upper  chamber 
of  the  amplifier  piston  caii  now  flow  through  the 
lower;  lapd  chamber  of  the  fine  pilpt  to  exhaust. 
Tliis  wili  cause  the  amplifier  piston  to  move*up- 
ward,  and  the  fluid  in  the  right-hand  chamber  of 
the  niain  control  valve  can  flow  into  the  lower 
chamber  of  the  amplifier  valve. 

The  nlain  control  valve  will  now  moye  to  the 
right,  IHP  will  drop  below  500  psi,  and  the  stroke 
pistoa  will  move  left.  As  you  will  see  later  in  this 
chapter,  movement  of  the  stroke  piston  will  cause 
tilt  to  be  put  on  the  A-end  tilting  box,  and  the  hy- 
draulic punip  will  pause  the  mount  to  train  right. 

All  of  the  actions  mentioned  above  would  occur 
if  the  signal  had  called  for  left  train,  but  in  the  op- 
posite directions.  In  the  case  of  lefttrsun,  the  fine 
pilot  valve  would  move  downward.  The  upper 
chamber  of  the  amplifier  piston  would  be  connected 
to  high  pressure  and  the  piston  would  be  forced 
downward.  (These,  actions  are  not  shown  in  the 
illustration),  kiquid  leaving  the  bottom  of  the  am- 
plifier piston  cayses  the  main  control  valve  to 
shift  left.  IHP  becomes  greater  than  500  psi,  and 
the  balance  at  the  stroke  piston  is  upset.  The  stroke 
piston  moves  right,  shifting  the  tilt  box  in  the 
A-end  in  a  direction  that  will  result  in  left  train. 

have  shown  how  a  few  ounces  of  synchro 
torque  can  set  in  motion,  and  control  hydraulic 
pressures  of  hundreds  of  pouiids. 

ELECTROHYDRAuLiC  SERVO  VALVE 

The  electrohydraulic  servo  valve  converts  the 
electric  output  of  the  servoampHfier  into  a  pro-, 
portional  hydraulic  signal.  Figure  8-51  illustrates 
the  physical  relationships  of  servo  valve  com- 
ponents which  consist  ba^cally  of  a  force  motor 
and  hydraulic  amplifier.  Output  lines  from  the 
servo  valve  lead  to.  stroking  pistons  in  the  CAB 
umt.  The  stroking  pistpns  determine  the  position 
of  the  A-epd  tilt  plate  which  confl^ols  the 'CAB 
units'  output  velocity. 

The  force  motor  of  the  servo  valve  Converts 
the  electrical  input,  supplied  by  the  servoampli- 
fier,  to  a  flow  rate.  The  electrical  signal  applied 
to  the  force  'motor  .coils  generates  a  torque 
that  causes  the  armature  to  move  and  bend  on  the 
flexure  tube.  The  flapper  attached  to  the  armature 
nioves  withit,towardoneao22le'ajidaway|rom  the 
other.  Differential  pressures  caused  by  flapper 
mo\ement  between,  the  rtozzles  move  the  plunger 
of  the  four-way  valve.  Plunger  position  regulates 
hydraulic  fluid  output  to  the  stroking  pistons. 
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-Figure^S-SO,— Amplifying  the  hydraiUie  error  signal. 
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. NOZZLES 


PLUNGER 


Figure  8-^51,— 


84.57 


When  the  plunger  moves  fi^m  center,  the  feed- 
back spring  applies  a  torque  to  the  armature. 
This  torque,  which  is  -proportional  to  plunger 
displacement,  opposes  the  torque,  developed  by 
"the  force  motor.  As  the  order  is  complied  with, 
and  as  response  causes  the  signal  to  decrease, 
the  flapper  returns  to  neutral  and  the  feedback 
spring  retum^li^  plunger  to  neutral. 

With  no  signal  applied  to  the  force  motor  coils 
(fig.  8-"52),  the  armature,  flexure  tube,  flapper, 
and  feedback  ^spring  are  at  neutral.  PA  control 
pressure  is  ported  through  the  two  fixed  orifices, 
U0T5  and  U0T6,  to  UVTl.  The  downstream  sides 
of  these  orifices  lead  to  pressure  chambers  CI 


Servo  valve. 

and  C2  and  tp  nozzles  Nl  and  N2.  The  flapper 
regulates  flow  from  the  nozzles  to  the  'mixing 
chamber  which  ports  to  tank.  With  the  flapper 
centered  (neutral),  flow  through  both  nozzles  is 
equal,  UVti  is  at  neutral,  and  output  pressures 
to  the  stroking  pistons  are  equal. 

When  a  positive  (increasing  order)  signal  is 
applied  to  the  force  motor  coils,  the  force  motor 
shifts  the  armature  and  flapper  to  the  right  (fig. 
8-53).  This  shift  decreases  flow  through  M 
and  increases  flow  , through  N2,  creating  a  ujres- 
sure  differential  between  CI  and  C2.  Because 
CI  pressure  is  greater,  UVTl  shifts  to  the 
right,  stroking  piston  B  is  ported  to  tank,  and 


ERJC 


286 


Chapter  8  — ELECTRO-HYDRAUUC  POWER  DRIVE  FUNDAMENTAlS 

»     '   *  ^    t  * 


FORCE  F8ok. TRAIN  AMPLIFIER  - 


TO  STROKING  PISTONS 


p.     ^  84.58 
Figure  8r52.-f*Servo  valve  (no  input  signal). 


FORCE  POSITIVE  INPUt 


TO.  STROKING  PISTONS 


84,59 

FigUi^e  8-53".— Servo  valve  (positive  input  signal), 

stybking^  piston  A  receives  PA.'  Pressure  at 
strokin^pIs^ton^A  is  now  greater  than  the  pres- 
sure at  Stroking  piston  B,  causing  the  tilt  plate 
to  move*',  /" 

When  a,  negcftive  (decreasing  order)  signal  is 
appliedlb  the, force  motor  coils,  tiie 'force  mptor 


shifts  the  arixiature^  and  flapper  to  the  left  (fig. 
8-54)  and' the  action  of  UVTl  is  reversed.  Now, 
fluid  flow  decreases  through  N2,  increasing  the 
pressure. in  02,  and  UVTl  shifts  left  ^stroking 
piston  A, is.  ported  to  tank,  and  stroking  piston 
B  receives  PA,  Pressure  at  stroking  piston  B 
is  now  greater  than  at  stroking  piston  A,  causing 
the  tilt  plate  to  move  in  the  opposite  direction. 

ELECTRIC  SERVO  CONTROL  UNIT 

Jhe  elecferonic  servo  contrpl  unit  (^rvoampli- 
fier)^  converts  the  small  a.c.  error  signal  from 
the  Synchro  to  a  d.c.  signal  large  enough,  and  of 
proper  polarity,,  to  activate  a  torque  generator. 
The  eleclxonic  servo  control  uijit  consists  of  a 
power  supply  and  two  amplifiers,  one  each  for 
train  and  elevation  control.  '5 

Power  Supply 

The  power  supply  chassis  contains  tubes,, 
transformers,  inductors,  relays,  and  a  filter 
network  to  regulate  and  supply  4.c.  plate  voltage 
for  the  servoampliliers.  The  transformers  in 
the  power  supply  also  furnish  the  ^6.3  fifament 
voltages  for  the  tubes  in  the  amplifier. 

The  liS-V.,  60-hertz  voltage  from  feliip^s 
supply  enter  &  the  poyer  supply  chassis  on  the 
primary  of  transformer  T2  (fig.  8-55),  and 
travels  through  time  delay  relays  and  fuse  circuits 

FORCE  NEGATIVE 'input 

MOTOR  t  T  ^     ^  - 


TO  ^STROKING  PISTONS 


84.60 

Figure  8-54.'— Servo  valve  (negative* 
'  input  signal). 
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Figure  8-55» — Power  supply. 


to  the  primary  of  transformer  Tl.  These  relays 
ensure  that  the  cathodes  of  the  vacuum  tubes  are 
heated  before  high  vbltage  is  applied  to  the 
rectifier  tubes. 

Most  servOEUTiplifiers  have  four  sections;  the 
synchro  phangeover  unit,  the  a.c.  amplifier,  the. 
demodulator,  and  the  d,c.  amplifier.  Figure  8-56 
shows  how  these  sections  function  in  a  power 
drive  servo-control  s>stem»  The  reader  should 
refer  to  this  illustration  throughout  the  discussion 
on  the  functions  of  the  four  sections  of  a  servo- 
amplifier. 

SYNCHRO  CHANGEOVER  UNIT 

*The  synchro  changeover  unit  passes  either 
the  36X  or  IX'  synchrp  signal  to  the  a.c.  ampli- 
fier unit.  The  IX  synchro  signal  is  passed  tojthe 
amplifier  whenever  the  mount  is  more  than  2^30' 
out  of  correspondence  with  its  controlling 
director,  the  36X  signal  is  passed  to  the  amplifier 
when  ^  error  is  less  than  2^30* .  How  a  synchro 
change5Ver  unit  functions  i>  expladned  further  on. 


A.  C.  Amplifier 

The^  a,c.  ^amplifier,  receives  a  IX  '36X 
'synchro  error  signal  from  the  synchro  changeover 
unit,  amplifies  the  signal  and  converts  it  into  a 
push-puU  output  for  use  in  the  demodulator.  The 
a.c.  amplifier  contains  two  vacuum  tubes,  a 
transformer,  and  associated  circuits.  One  vacuum 
tube  functions  as  a  voltage  amplifier,  while  the 
other  tube  is  a  cathoda  follower  pqwer  (current), 
amplifier.  The  transformer  acts  as  a  coupling 
device  for  the  next  stage  (demodulator)  .The  actions 
of  vacuui^fi  tubes  were  explained  in  chapter  7. 

Demodulator  *  -  ^ 

The  demodulator  converts  the  a.c,  error 
signal  into  -  a  pulsating  d.c,  error  signal,  the 
amplitude  of  which  is  varied  in  accordance  with 
the  strength  of  the  a.c,  signaleThe  dempdulator  also 
discriminates  between  an  increasing  error(right 
train  ,or-  elevation)  signal  by  having  the  output 
polarity  'change  when  the  order  signal  changes. 
If  the  output  across  the^  demodulator  load  is 
polarized  for  an  increasing  order  signal,  the 
polarity  across  thet^load  will  reverse  when  a 
decreasing  order  signal  is  applied.  Rectification 
(changing  a.c.  to  d.c.)  will  be  e:q)lained  shortly, 

D.  C.  Amplifier 

The  ^d,c,  amplifier  is  the  last  stage  of  ampli- 
fication before  the  signal  reaches  the  torque 
g^erator.  The'torque  generator  controls  either 
an  electrohydraulic  servo  valvq-  or  a  rotary  type 
valve  located  in  the  receiver  regulators.  These 
valves  control  the  hydraulic  output  to  the  A-end 
of  the  hydraulic  transmission  power  drive.  A 
filter  network  in  the  output  circuits  to  the  torque 
generator  prevents  sudden  changes  in  current 
from  reaching  the  torque  generator  field  wmdiogs. 
The,  d.c.  amplifier  receives  two  additional  Inputs, 


'  i;  A  dither  signal  from  the  6.3V  filament 
supply  is  induced,  via  a  transformer,  to  the  grid 
of  a  vacuum  tube.  This  dithe^  action  maintains 
Vibration,  of  the  hydraulic  system  to  prevent 
valves  in  the  system  from  sticking., 

2.  Another  signal  is  received  from  the  B-end 
tachometer,  which  is  gefu^ed  to  the  B-^end  of  the 
hydraulic  transmission.  It  generates  a  voltage 
proportional  to  the  speed  of  rotation  of  the 
B-end.  This  B-end  velocity  feedback  reduces  the 
B-end  error  when  the  gun  isfollowing  roll  signals. 
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There  are  many  more  functions  of  a  servo 
amplifier  which  cannot  be  discussed  inithis  text 
due  to  the  amount  of  material  that  ^as  to  be 
covered.  System  OPs  explain  in  detail  the  opera- 
tion of  all  elements  of  a  servoamplifieri  The 
purpose  of  this  text  is  to  explain  the  theory  and 
application  of  a  servoamplifier  used  in  ordnance 
equipment.  We  have  purposely  by -passed  soniC 
actions  of  servqampliflers  which  are  nepessary 
for  proper  power  drive  operation. 

In  the  next  section  of  this  chapter  we  discuss 
some  of  the  servoampli^er  refinements  nec^ 
essary  for  power  drive  operation,  such  as  the 
action  of  the  synchro  changeover  unit  and  how 
the  a,c.  error  signal  is  converted  to  a  d.c,  error 
signal  (rectification). 

RECTIFICATION 

Rectification  is  the  name  given  to  the  process 
of  changing  alternating  current  to  direct  current. 
Our  electrical  ^  error ^  signals  left  the  control 
transformer  as  alternating  current,  but  the  elec- 
tron tube  amplifier  (for  gun  power  drives)  operates 


on  direct  current.  Therefore,  the  srgpial  must  be 
rectified.  This  is  done  in  the,  first  stage  of 
the  amplifier.  The  device  used  is  a  2^element 
electron  tube,  a  diode  (fig.  8-57).  The  filament 
Is  used  only  to  heat  the^cathpde.  It  Is  not 
''considered  as  an  element  of  Xhe  tube.^ 

When  the  cathode  is  heated;  it  gives  off 
electrons  which  form  a  space  charge  around  it. 
Like  the  electrons  in  It,  the  spaoe  charge  is 
negative.  If  a  positively  charged  plate  is  near  the^ 
space  charge,  electrons  will  be  attracted  and 
current  will  flow.  The  number  of  electrons  that 
flow  to  the  plate  depends  on'  the  relation  of 
the  plate  voltage  to  the  cathode  voltage.  In  no  case 
can  the  current  flow  from  the  plate  to  the  cathode, 
because  the  plate  Is  not  heated  and  therefore  will 
not  emit  electrons.  ^  The  diode  tube,  then,  acts 
to  pass  current  in  one  direction  only. 

Our  error  signal  from  the  control  transformer 
IS  alternatlnlg  current.  A  simple  diode  like  the 
one  Just  discussed  will  pass  only  on  half  of  each 
cycle.  Its  output  ^111  be  In  only  one  direotton 
(which  Is  what  we  want),  but  It  will  be  pulsating. 
,  Thi^  output  of  our  diode  Is  called  half-wave 
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Figure  8-57.  — Changing  the  a.c.  error  signal 
to  d.c— half-wave  rectification. 

rectification.  It  is  not  good  enough  for  gun  power 
drive  anriplifiers. 

The  answer,  full-wave  rectification,  is  fairly 
simple.  In  figure  8-58  you  see  that  the  trans- 
former secondary  is  divided  into  two  halves  by 
a  tap  at  the  center  of  its  winding.  A  diode 
rectifier  tube  is  placed  in  series  with  each  half  oi 
the  secondary  and  the  load.  Effectively,  you 
have  two  half-wave  rectifiers  working  on  the  error 
signal  voltage. 

On  the  first  half  cycle  (fig.  8-58A),  the  a-c 
vpltage  causes  the  upper  diode  plate  to  go  posi- 
tive; current  flows,  and  a  pulse  of  voltage  is  sent 
across  the  load.  On  this  half  cycle  the  lower , diode 
plate  is  negative  with  respect  to  its  cathode  and 
will  not  conduct.  On  the  second  half  cycle  (fig. 
8-58B),  the  upper  diode  plate  becomes  negative 
and  will  not  conduct;  the  plate-of  the  lower  diode, 
however,  is  now  positive  so  that  current  will  flow 
through  it  and  the  load.  Since  both  pulses  ot 
current  through  the  load  are  in  the  same  direction, 
a  d.c.  ripple  voltage  appears  across  the  load  as  in 
figure  8-58C.  In  an  actual  circuit  you  will  find  an 
assortment  of  coils  and  capacitors  which  will  then 
filter  out  the  ripple,  and  result  will  be  straight 
lin6  direct  current. 

We  have  shown  how  full-wave  *  rectification  is 
accomplished  by  .using  two  separjite  diode  tubes.- 
The  more  common  way  of  diode  rectification, 
however,  is  shown  in  figure  8-59.  At  first  glance 
there  may  be  little  comparison  with  this  circuit 
and  the  one  just  described.  A  closer  look,  however, 
will  reveal  that  the  only  difference  is  that  the 
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Figure  8-58.  — Basic  recufief  — two  diode  tubes. 
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Figure  8-59.  — A  n\ore  typical  rectiffcation 
•  cirouit— a  duodiode  tube. 
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two  diode  tubes  have  been  put  into  one  envelope, 
or  glass  housing.  The  two  plates  share  a  common  « 
cathode.  The  center  tap  from  the  transforfner 
secondary  is  grounded,  as  is  one  end  of  the  load  ^ 
resistor.  The  flow  of  current  between  the  two  is  ^ 
indicated  by  arrows.  ^ 

Like  the  basic  fuU-wave  rectifier,*  the  duo- 
diode  is  connected  to  opposite  ends  of  the  trans-  , 
formeT  winding  so  that  there  is  always  a  180® 
phase  difference  between  the  two  plates.  During 
one-half  of  the  a^c.  input  cycle,  one  plate  will 
draw  electrons  from  the  cathode.  During  the  othex' 
half  cycle,  the  other  plate  draws  the  electrons. 
Since  the  load  resistor  is  connected  between  the 
cathode  arid  the  transformer  secondary  windings, 
current  flow  through  the  load  resistors  is  in  the 
same  direction  for  both  half  cycles. 

DUAL  SYNCHRO  SYSTEMS^ 

From  an  e£u:lier  section,  of  this  chapter  you 
learned  that  synchro  receivers  play  an  important 
part  in  the  power  drive  pictiire  as  error  detectors. 
The  control  transformer  type  serves  this  purpose 
by  itself.  The  other  receiver,  a  torque  synchro, 
works  with  the  differential  cam  assembly.  In 
each  example  of  error  det^tion  (figs.  8-46  and 
8-49,)  only  one  synchro  receiver  is  shown.  One 
important  fact  was  intentionally  left'  out  of  the 
discussion.  There  are  actually  TWO,  receivers 
at  the  gun  mount,  and  they  have  two  mates  (trans-  . 
mltters)  in  the  fire  control  system.  One  trans- 
mitter and  one  receiver  are  called  the  coarse  t 
system.  The. other  pair  is^th^  fine  system.  The 
difference  between  the  two  receivers  is  in  the 
ratio  df  ihp  gearing  connecting  them  to  mount 
responses.  A  commonly  used  coarse  synchro  ratio  ■ 

1  to  1.  This  means  that  for  every  one  revolution, 
the  gun  mount  m:^s,  it  drives  the  synchro  through 
*'one  revolutiorii  The  ratio  of  response- to-fine 
'  synchro  is  much  higher,  in  most  cases  B6  to  1» 
This  means  that  for  every  1  degree  of  mount 
movement  the  fine  synchro  will  be  rotated  36  de- 
grees. Ten  degrees  of  mount  movement  will 
cause-  the  .synchro  to  be  moved  360®— one  full  * 
turn.  - 

The  urse  of  the  fine  system  provides  the  power 
drive  with  accuracy.  The  purpose  of  the  cottrse 
system  is  to  prevent  the  fine  system  from 
attempting  to  cancel  out  the  efror  signal  at 
mulUples  of  10  degrees  from  the  true  synchroni- 
zation point.  And  in  the  case  of  the  control  trans- 
former/a false  point  of  correspondence  can  be  set 
up  not  only  at  10"*  multiples  but  at  S"*  as  well. 


The  control  transformer,  you  recall,  had  no 
error  voltage  when  its  rotor  was  90®  from  the 
resultant  stator  field  (order).  Electrically  speak- 
ing then,  the  36-speed  CT  has  TWO  angular 
positions  (with  respect  to  the  stator  signal)  at 
which  the  rotor  will  have  a  zero  voltage  output. 
'These,  positions  are  at  right  angles  to  the  stator 
signal.  A  90®  OR  270®  displacement  of  the  rotor 
with  respect  to  the  stator  signal  will  result  in 
zero  voltage  at  the  rotor.  Let  us  assume  that  an 
order  signal  tells-  the  mount  to  train  5  degrees. 
^Jow  the  CT  was  initially  setwithits rotor  winding 
at  90®  to  the  stator  signal.  The  5®  train  signal 
would,  in  effect,  be  the  same  as  rotating  the  36- 
speed  rotor  through  180®;  or  to  the  270®  position 
of  the  CT  and  a  zero  voltage  output.  We  have 
already  seen  how  10®  of  mount  movement  rotates 
the  rotor  through  one  I'evolution,  therefore  5® 
of  mount  train  should  causa  a  180®  movement  of 
the  rotor.  The  5®  order,  as  far  as  the  fine  CT 
is  concerned,  is  a  zero  error  output.  Theoreti- 
cally, the  modnt  would  not  move. 

This  won't  do.  A -5®  train  signal  has  been 
ordered  and  there  seems  to^be  no  error  voltage. 
We  will  see  how  this  is  compensated  for  by  using 
the  coarse  CT  and  a  synchro  switching  circuit. 
Actually  we  have  been  belaboring  a  point  in  the 
preceding  discussion  of  the  CT.  Even  without  a 
coarse  CT,  the  fine  CT  would  probably  cause  the 
mount  to  drive  to  correspondence.  This  is  because 
it  is  practically  impossible  to  get  an  absolute 
zero  voltage  from  a  synchro. 

Synchro  Changeover 

For  the  first  exaniple  of  how  a  power  drive 
chooses  between  coarse  and  fine  control,  look  at 
figure  8-60A.  Here  are  our  bid  friends  the  fine 
pilot  valve  and  differential  cam  assembly  plus  two 
new  faces,  the  coarse  synchro  and  pilot  valve. 
Although  the  illustration  shows  both  synchros 
receiving  the  order  signal,  we  will  disregard  the 
coarse  system  for  jthe  present.  Ftom  ouv  earliet 
discussion  you  Jaiow  that,  when  there  is  a  dif- 
ference between  riioimt.position  (response)  and  the 
order  signal,  the  fine  pilot  valve  Will  be  moved. 
Let  us  assume  that  there  is  a  90®  error,  calling 
for  right  train,  and  tlj^it  this  causes  the  fine  pilot 
valve  to^be  pulled  upward.  As  the  mount  trains 
right,  response  to  the  differential  cam  and  the 
fine  synchro  stator  starts  to  cancel  out  the  error 
by  moving  the  fine  pilot  valve  back  toward  its 
neutral  position.  As  the  response  gear  ratio  to 
the  fine  system  is  36  to  1,  it  will  take  only  10® 
of  mount  movement  to  entirely  cancel  out  the 
error  signal  (still,  disregarding  coarse  control). 
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Figure  8-60.  — Two  methods  by  which  power  drives  choose  between  coarse  and  fine  control;?* 


This' would  cause  the  power  drive  output  to  cease 
and  the  mount  to  come  to  a  standstill  while  still 
80°  from  true  synchronization.  Now  let's  return  to 
the  coaf se  system. 

When  the  order  signal  was  received  at  the  fine 
synchro,  the  coarse  synchro  received  the  same 
signal.  As  the  fine  pilot  valve  was  pulled  upward, 
the  coarse  pilot  valve  was  pulled  to'  the  left*. 
This  causes  the  upper  chamber  of  the  fine  pilot 
valve  to  be  opeifed  to  exhaust  through  the  coarse 
pilot  valve.  You  can  see,  however,  that  any  flow 
out  from  inder  the  fine  pilot  vsilve  is  blocked. 
Through  design,  the  coarse  synchro  will  not 
move  to  the  right  to  open  the  lower  chdmbex  of  the 
fine  pilot  valve  until  the  mount  is  within  3°  of 
synchronization.  At  that  time  the  fine  synchro 
and  pilot  valve  take  over  and  drive  the'  mount 
the  remaining  3  degrees.  There  are  relief  cam 
a5^>emblieb  (not  sliown)  which  perniit  the  fine  and 
coarse  synchro  rotors  to  follow  order  signals 
when  the  pilot  valves  reach  their  Jiniit  of  travel. 

Another  method  ^by  which  a  power  drive 
chooses  ^either  the  Jine  or  coarse  error  signa^ 
is  shown  in  figure  8-^60B,  In  this-  e^cample,  the 
error  signals  are  coming  from  1-speed  and 
36-5peed  control  transformer  error  detectors. 
You  will  remember  that  the  outputof  CT5is.elec- 
trlcal«SK)ltage,  proportional  to  the  amount  of  error. 
Both  signsils  share  a  commDn  lead,  andmustoass 
through  the  contacts^of  a  relay.  At  thi  s  particular , 
instance  ,  th^  fine  signal  is  being  sent  to  the 
amplifter  through  the  tornm^n  lead  and  the  Closeic 


contact  .3-4.  If  thd  coil  of  the  relay  is  energi^d, 
however,  the  cont^tct^  will  be  lifted.  This  will 
open  the  fine  error  signal  circuit  at  3-4,  and 
will  complete  the  coarse  signal  circuit  through 
1-2.  The  problem,  then,  is  to  energize  the  relay 
coil  when  the  1-speed  error- signal  reaches  a 
predetermined  level.  This  level  will  correspond 
to  about  3°  of  mount  displacement  from. the 
order  signal. 

The  1-speed  error  signal  is  applied  to  the 
primary  of  a  transformer.  The  secondary  of  this 
transformer  controls  the  voltage  at  grid  6.  With 
no  eTKor  signal  the  tube  is  conducting  near 
saturation.  This  is  due  to  circuit  design.  Now, 
when  the  1-speed  CT  detects  an. error,  it  trans- 
mits a  signal  through  the  transformer  to  grid  6. 
The  positive  half  cycle  of  the  error  signal  on 
grid  6  will  cause  no  appreciable  inc/ease  in 
plate  conduction  since  the  tube  is  already  con- 
ducting heavily.  The^negative  half  qycle , how  ever, 
will  cause  conduction  of  the  tube  to 'decrease." 
This  means  that  the  average  pgnduction  of  the 
tube  .through  one  full  cycle  of  the  error  signal' 
will  be  decreased.  ' 

When  conduction  of  the  tube  decreases,  its 
plate  voltage  increases.  This  voltage  change 
(positive)  is  sent  to  grid  1  of -tube  B,  a  conven- 
tional amplifier,^ The  positive  voltage  on  its  grid 
increases  the  current  flow  through  the  relay  coil. 

If  the  1-speed  error  signal  is  large  enough, 
the  relay  will  lift.  Closing  contacts  1-2  connects 
the  coarse  error  signal  to  the  amplifier,  at  the 
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same*  time  disconnecting  yie  fine  error  signaL 
The  mount  will  follow  the  coarse  error  signal 
i&til  the  signal^  becomes  bo  small  that  the  relay 
is.  de-energized^  This  happens  when  Ihe  mount  is 
Very  neaJf  synchVoni^ation/At  this  time  the  mount 
will  continue  to  follow  .the  error  sig^ial  In  fine 
controL  *  • 


.Preventing  Overswings 


Overswings  are  those  small  back  and  fortji 
movements  of  .a  mount  as  ft  comss  into  corre- 
spondence with  an  order  signal.  They  are 
especially  noticeable  when  the  mount  is^ shifted 
into  automatic  Qontrol  while  still  some  distance 
from  its  ordered  position.  Usually  there  ^e  only 
on^  or  two  ovefswings  before  settling  down. 
Devices  in  the  power  drive  keep  these  annoying 
:  movements  to  a  minimum^  but  cannot  entirely 
eliminate  them.  This  is  ^due  to  the  large  inertia 
of  heavy  mounts  and  an  inherent  lag  in  all  power 
•drive  regulatit^g  equipment. 

There  are  several  methods  of  preventing  large 
*pver swings.  Because  of  their  differences,  no 
^one  method  can  be  chosen  to  illustrate  them  all. 
In  t^s  section  of  jGMG  3&2  we  will  present  briefly 
the  theory  ^behind  three  separate  methods. 

Method  No.  1  is  used*with  the  error-detecting^ 
cieyices  shown  in  figure  8-60A,  Using  only  these 
devices,  the  power  drive  would  drive  atfull  speed' 
toward  synchreni^atign  under ^  control  of  the 
coarse  pilot  valve.  'No  reduction  in  speed  is 
possible  until  the  fine  system  takes  over,  which 
would  occur  when  the  error  has  beeii  reduced  to 
about  1.5^  At  this  point  the  hydraulic  valves  in 
the  receiver  regulator  would  begin  to  fui^tbtion  to 
slow  the  mount.  No  appreciable  slowdown  would 
occur,  however,  until  tl^e  amplifier  valve  .is  " 
.nearly  at  its  neutral  position.  This  means, the 
error  is  not  in, the  vicinity  of  30  minutes.lt 
wouldbe  impossible  to  ch^ge  the  motion  6i  the 
gun  from  that  of  riiaximum  speed  to  that  of  the 
signal  in  the  small  amount  ot  angle  left.  This 
situation  will  cause  the  gun  to  overrun  fhe  point 
of  correspondence. 

To  minimize  these  overruns,  a  synchronizing 
control,  device  is  added  to  the  system.  The. 
function  of  tliip  device  is  to  serve  notice  to  the 
poW;er  drive  that  synchronization  is  about  fb  be 
reached.  It  ^will  give  this  notice  at  some 
appreciable  ^tini©  and  distanpe  before  the  actual 
synchronization'  occurs.  Acting  on  this  acjvance  ' 
notice,  the.  power  drive  will  operate  to  slow  the 
gun  down  as  it  approaches  correspondence. 

The  synchronizing  control  device  fSCDJ'is  a 
sftiall  but  complex  hydraulic  assenjbly  consisting 


of  a  hydraulic  motor,  several  valves,  an  inter- 
mittent drive,  and  shafting.  The  output  of  the 
SCD.  drives  Uie  stators  of  the  coarse  and  fine 
synchro^.  Let  us  assume  ^that  the  gun  power  drive 
is  shifted  to  automatic,  and^.that  there  is  a  large 
difference  tetwaen  gun  position  and*  gun  order. 

On  ,  a  90®  error  signal  when  the  selector 
lever  is  plated  in  autihiatib,  the  mount  will 
start  driving  toward  the  point  of  synchronization. 
Mount  response  and  the  ByncKro*^ control  time 
output  are  added  together,  at  'tne  differential  to 
cancel  out  the  coarse  erjror  voltage  at  a  ratio 
of  2-1,'  As  the  mount  reaches  .the  false  point  of 
synchronization  (45^  the  qoarse  pilot  valve  nioves 
to  its  center  position  and  the  fine  pilot  valve 
moves  to  its  center  or  neutral  position.  At  this 
time,  the  mount  will  momentarily  conie  to  a 
stop.  All  valves,  except  in  the  (SCD),  are  at 
their  neutral  position  and  all  electrical  error 
signals  ^re  at  zero.  At  this  false  point  of 
synchronization,  the  (SCD)  will  reverse  and  it 
will  drive  back  to  its  neutral  position.  The  SCD 
qutput  at  tihis  time  going  to  differential  D-2 
side  gear  and  mount  response *on  the  other  side 
gear  \(yill  o^use  tHe  out{)ut,of  the  differential  to 
be  zero.  With  no  output  of  differential  D-2,  the 
course  pilot  valve  will  reniain  on  neutral  during 
the  last  45**  of  mount  travel.  *The  output  of  the 
SCD  will  go  to  the  '-stator  of  the  fine  synchro 
and  with  no  electrical  error  present,  the  stator 
and  rotor  will  be  driven  together  as  the  mount 
travels  the  last  45^  The  moupt  will  drive  into 
synchronization  at  an  evei  decreasing  speed.  This 
decreasing  speed  is  being  caused  by  the  offset 
centering  valve  moving  back  to  its  original 
neutral  position.  W|ien  the  offset  centering  valve 
gets  to  ^  point  where  P3  and  P4  are  open  equally 
to  PX,  the  SCD  motor  will  detent  and  the  motor 
will  stop.  The  entire  operation  from  the  false 
point  to  true  point  of  synchronization  will  be  In 
fine  control  at  an  ever  decreasing  speed,  thereby, 
eliminating  overtravel.      *  i 

The  type  of  synchroriizing  control  device  just 
discussed  is  found  '^n  hydraulic  power  drives  — 
chiefly  those  used  with  the  5**^38  twin  mounts, 
and  turrets.  The  SCDs  used  in  turret  power 
drives  are  driven  by  small  electric  motors 
rather  than  hydraulic  ones,  however,  ^ 

Method  No,  2  is  used  with^  hydraulic  drives,' 
but  is  applicable  only  to  the  power  drives  on  the 
5**/54  MK  42  guns.  ^While  this  power. drive  u^s 
control  transformers  as  error  detectors,  there 
is  a  large  difference  between  these  cuid  the  CTs 
shown  in  figure  8-49.  "  / 

A  C-T  usually  has  only  one  response  —  B-end 
response  to  its  rotor.  With  the  CTs  output 
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conti oiling  a  powei  Uiivtj,  mount  nijvein-jjnt  drives 
the  CT  rotor. in  such  a  direction  as  to  reduce  the 
signal/  When  the  mount  arrives  at  its  ordered 
pobition,  rebpon&e  will  have  driven  the  roto'r 
to  itb  electrical  ^ero  position.  There  ib.no output, 
and  the  mount  stops. 

,  In  tigui^e  8-61A,  however,  you  see  a  Uiffexent 
betup«  Here 'there  are  two  lebponses  to  the  CT.v 
The  btutOi  lb  geared  to  B-end  output  (niount 
rebponbe)  and  the  rotor  is  geared  to  the  rotary  - 
piston.  Tne  purpose  ot  hav^lng  two  reoiOii3-;s  is 
to  oais-^.the  A-oad  tilt  box  to  ptart  removing 
tilt  before  the  mount  ai>rive?  at  its  ordered 
position.  The  following  is  a  brief  discussion  of 
how. this  is  accomplished^ 

As  in  a  conventional  CT,  the  error  signal  is 
produced  by  rotating  a  resultant  of  the  three 
CT  stator  field  voltages*  The  error  voltages 
induced  into  the  rotor  windings  are  sfent  to  an 
amplifier  and  on  i&  a  torque  generator.  Rotation 
of  the  generator  moves  a  rotary  valve*  This 
switches  hydraulic  circuits  to  Uie  rotary  piston, 
causing  it  to  turn  in  a  direction  equivalent  to 
the  desired  movement  of  the  mount  (train  or 
elevation).  Rotary  piston  movement  sets  the 
hydraulic  regulating  devices  in  motion,  causing 
tilt  to  be  put  on  the  A-end  pump^  This,,you  will 
recall,  causes  the  mount  to  move. 

Even  while  this  is  happening,  however,  the 
moment  the  rotary  pi s'ton  moves,  it  turns  the  lotor 
of  the  CT  in  such,  a  dii^ection  ab  to  cancel  out  a 
portion  of  the  dliginal  eiror.  Now,  as  the  niount 
moves  toward  its  ordered  position,  B-end 
r^sppnse  moves  the  CTfetators,  also  in  a  direction  ^ 
to  Cfincel  oi*t  the  error.  When  the  stator s  overtake 
knd  pass  the  rotor,  a  phase  shift  occurs  in  the 
signal  voltage.  The  result  of  the  phase  ^ft  is  an 
output  from  the  rotor  in  an  opposite  direction 
from  the  first  error  signal.  In  other  words,  if 
the  first  signal  Called  for^  right  train  and  tilt  ^ 
is  put  on  the  A-end,  the  electrical  phase  shift 
will  cause  the  error  signal  to  call  fop,,in  effect, 
left  train.  •  Hydraulic^  actions  reverse  in  the 
rej^ilator,  and  tilt  begii)^  to  be  removed  from  tlie 
A-end.  Thepretically  the  A-end  tilt  box  should 
reach  neutral  when  the  mount.  aj:rives  at  its' 
ordered  position.  As  you  can  see,  these  actions 
will  prevent  any  prolonged  over  swings  of  the 
mbunti  Figure  8-61B.  ^hows  in  four  steps  the 
action  described  above.     '  ' 

iMethpd  No.  3  is  used  to  liuprove  the  synchrp- 
nization  pi  an  electrically  driven  .(an^plidyne) 
mount  to  an  oider  signal.  iHis  drive  uses  the 
conventional  CT  to  dev^^^j.  the  elect^rical  error 
signal,  and  the  electron  tube  amplifier  to  increase 


the  signal,^  The  jnethod  of  reducing  overswings 
for  this  drive,  then,  must  be  electrical^  Tjie 
problem  is  this:      *  ^^  ^ 

So  that  the  power  drive  will  accurately  aiid 
speedily  act  on  error  signals,  however  small,  it 
nriust  be  made  very  sensitive.  This  can  bd  dor e 
by  increasing  the  amplifier  gain.  This  is  tect- 
nician's  talk  for  adjustments  to  a  stage  in  the 
amplifier  whereby  the  signal  strength  is  increased 
or  the  reaction  of  a  stage  to  the  signed  is  in- 
creased. A  gain  might  be  adjusted  too  tight 
(high)  and  become  unstable.  This  wMl  result  ii 
overswings.   ^  »  '  '  . 

To  smooth  out  the  power  drive  operation,  th(5 
gain  must  be  damped.  In  ampUidyne  drives  this 
is  most  often^  accomplished  by  introducing 
voltages  -in  opposition*  to  the  signal  voltage^ 
But  damping,  like  gain,  can  be  overdone.  An 
overdamped  pbwer  drive  will  take  a  long  time  to 
synchronize.  On  the  other  hand,  anunder-dampec 
power  drive  will  hunt  around,  about  the  point  ol 
synqhromzation,  due  to  the  small  amount  oi 
restraint  placed  on  the  error  signal.  Somewhere 
between  the  two  extremes  a  balance  must  be 
obtained,  so  that  the  power  drive  will  be  accurate 
.  and  smooth,  and  have  a  short  synchronization 
-time. 

The  3"/50  RF  gun  power  drives  are  prevented 
from  huntings  hy  feeding  several  stabilizing  volt- 
ages into  the  amplifier.  These  will  modify  the 
effect  of  the  error  signal.'  Two  of  these  voita^s, 
and  their  source,  can  be  seen  in  figure  8-62. 

One  of  the  voltages^  is  the  speed  voltage 
originating  at  the  stabilizing  tachometer  gen- 
erator.. The  other*  voltage  is  taken  from  the 
field  windings  of  both  the  amplidyne  generator 
and  ^the  mount  drive  motor.  As  this  voltage^  is 
proportional  to  the  amount  of  currentdrawnby  the 
drive  mo^br,  it  is  called  the  '^currentV  voltage.  A 
fraction  of  each  of  these  voltages  is  takemfrom 
a  potemtiometer.  The  sum  of  these  fractions  is 
.sent  to  the  amplifier,  where  it  acts  in  opposition- 
to   the   signal  voltage^  to   reduce  overswings.' 

The  current  voltage,  being  proportional  to 
the  amount  of  current  drawn  by  the  drive  r^iotor^ 
is  strongest  when  the  drive  motor  is  reversing 
its  direction  of  movement  and  drawing  heavy 
current.  The  stabilizing  tachometer  generator 
is  geared  to  the  nio.unt's  drive  motor.  The 
electrical  output  of  this  generator  is  proportional 
to  niount's  speed.  If  the  mount  is  swinging  back 
and  forth  through  its  correspondence  point,  it 
will  have  its  greatest  speed  es  ^it  passes  cor- 
respondence. Speed  voltage  will  be  greatest  at 
this  time.  ^ 
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I'igure.Sreitr- A.  Control  transformer  with  two  responses,  B.  The  CT  acting  to. remove  tilt 
•  '        ,    .  '  as  mount  xnovqs  intO'Correspondencdi  ' 
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,       '  84.192 
,  Figure  8pfi2,  — Two  synchronizing  circuits  of 
an  amplidyne  drive. 

NOW  to  return  to  the  big  picture. ,  When  a 
mount,  niovjng  to  -the  left,  overtravels  its  cor- 
respondence point,  re^onse  immediately  causes 
the  error  detectf>r  to  reverse  i^signalj  that  is, 
it  now  calls  for  right  train.  The  signal  is  opposed 
at  the  amplifier  by  the  current  voltage  from  the 
drive  motor  which  is  now  attempting  to  reverse 
its  motion  and  drawing  heavy  currenVThis  will 
cause  the  speed  oi  travel  to  be  reduced  as  the 
niount  back&wings  toward  correspondence,  nriodi-^ 
fying  it.  ^So,  1^  ^kction  of  both  synchronizing 
voltages  each  overswing  is  shorter  than  the 
one  before'. 


THE  MOTOR 


Motors  are  the  power  drive  components  wliich 
accept  the*  amplified  error  signal  and  do  the 
physical  work  of  moving' the  mount  into  corre** 
spondence  with  the  order. signal.  They  aremotbrs. 
in  function  only  and  bear  no  physical  resemblance 
,to  the  usual  concept  of  a  motor  found  In  an 
automobile.  We  can  say  that  a  motor  is  a  drive 
that  causes,  .sets  up,  .  or  imparts  motion —.a 
source  of  mechanical  power  or  energy. 
•  > 

There  are  two  types  of  motor  units  used  as 
part  of  a  power  drive  'servo-»)5ystem.  The  first 
type  to  be  discus&ed  is  the  hydraulic  A/B-end 
combination .  used  on  5**  guns  and  turrets.  The 
second  is  a  d-c  drive  motor  used  with  the 
aniplidyne  generator-motor  combination  power 
drive  used  extensively  *on  3'V50  RF  mounts. 
The  fundamentals  of  both  type  motors  were  ex- 
plained earlier  in  this  chapter  and  in  chapter  7. 


^CECTRIG-HYDRAU'UC 

.        POWER  DRIVE    '      '     .  '/ 

The  previous  topics  of  this  chapter  dealt  with  * 
the  functions  of  the  separate  units  for  control  of 
a  power  drive  servo.  In  thi.s  section,  thefee 
functions  are  combined  to  give  an  overall  view 
<rf  a  hydraulic  control  as  it  occurs. 

An  order  si^al  originates'  at  an  FCS,  and 
represents  the  position  to  which  the  fire  control 
director  will  position  the  gun.  The  order  signals 
is  applied  to  synchros  in  the  receiver-regulator.. 

A  synchro  receives  the  order  signal,  compares 
it  with  actual  gun  position,  and  generates  "an 
error  signal  (fige.  8-46  and  8-49).  The  error 
signal  is  amplified  either  hydraulically  (fig. 
8-50)  or  electrically  (fig.  8-56),  and  applied  to 
the  hydraulic  unit*stroking  pistons  either  directly 
from  ,a  hydraulic  amplifier  (fig.  8-50)  or  an 
electro-hydraulic  servo  valve  (fig.  8-51).  Stroking 
piston  motion  controls  the  hydraulic  transmission 
which  rotates  a  drive  pinion  that  positions  the 
mount  in  train,  and  elevation  (fig.  8-63).  The 
stroke  '  piston  is  the  connection  between  the 
amplified  error  signal  and  the  A-end  tilt  box. 
Figure  8-64  shows  two  types  of  stroke  piston 
control.  Part,A  illustrates  jyst  one  stroke  piston; 
this  type,  of  control  is  usually  used  with  the 
hydraulic  amplifier  ^hown  in  figure  8-50. 

Part  B  shows  two  stroke  pistons  (the  face  of 
piston  A  iF'  twice  the  size  of  piston  B).  Both 
of  these  systems  function  on  the  principle  of 
differential  in  working  area.  The  tjT)e  shown  in 
part  B  works  in  conjunction  with  the  servo  valve 
shown  in  figure  8-52. 

Earlier  in  this  chajiter  we  e:q)lained  the 
function,  of  the  major  elements  of  a  hydraulic 
power  diiye  (CAB  unit). 'We  will  review  these 
elem3iits  before  e:q)laining  how  the  A-eh?i  tilt 
box  (plate)  is  positioned  by  the  stroke  pistons. 
The  A-end  (pump)  is^ driven  by  a  cotislant-speecl 
electric'  motor.  The  output  is  made  variable  by 
action  of  the.  tilting  box.  The  stroke  piston  which 
moves  the  tilt  box  is  connected  to  the  hydraulic 
amplified  error  signal  by  transmission  fluid 
Jines  (fig.  8-63).  The  B-end  (motor)  is  difiven  by 
the  fluid  output  of  the  A-end.  The  speed  of  the 
B-end  is  dependent upon  the  amount  of  tilt  of 
the  A-end;  more  tilt,  more  speed.  The  direction 
of  rotation  ol  the  B-end  is  determined  by  which- 
ever fluid  line  is  high  pressure  and  which  is  * 
return.  The  oatput  of  the  B-end  is  mechanical 
rotation,  it  is  directly  "connected  to  the  moimt 
train  or  elevation  gearing  (fig.  8-63). 
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Figure  8-63,  — X^ain  or  elevation  hydraulic'servosystgm. 


84.63 


Stroke  Pisjton  Operation 


In  figure  8-64*\  the  stroke  pistoyi  is  being 
acted  upon  b>'  two  hydraulic  pressures.  The 
1000  psi  side  is  held  constant  and  works  oh.  a 
certain  size  piston  face  arjga.  The  Ifeft  side  of 
the  stroke  piston  is  acted  upon  by  a  force  made 
variable  by  our  error  signal.  This  force  works 
on  twice  the  stroke  piston  face  area  as  that  pf 
the  constant  1000  psi.  In  this  case,  500  psi  would 
balance  it,  and  the  stroking  piston  would  remain 
motionless.  Raising  the  pressure  on  the  left  side 
of  the  stroke  piston  above  500  psi  moves  the 
piston  to^  th6  right  and  puts  .tilt  on  theA-end 
which  causes  left  train  and  depression.  Reducing 
the  pressure  below  500  psi  shifts  the  stroke 
.piston  to  the  left,  reversing  the  direction  of  A-end 


tilt  causing  right  train  and  edevation.  The  hy- 
draulic aiViplifiel:  (fig,  8-50).  controls  the  action 
of  a  single-stroke  piston. 

In  figure  8-64B  you  see  practically  the  same 
actions.  Here  are  two  stroke  pistons  whose  piston 
faces"  are  of  different  size^s  (the  face  of  piston 
A  is  twice  the  size  of  piston  B),,  The  piston^ 
are  kept  in  balance  %  the  ^ame  method  shown 
in  part  A  of  ^figure  8-64,  the  main  difference 
being  tbe  amount  of  pressure  usgdjto  control  the 
stroke  pistons.  When  an  increasing  order  signal 
applied  to  .the  servo  valve  (fig,  8-53)  a  pres- 
sure differential  is  created.which  causes  stroking 
piston  A' (fig,  8-64B)  to  mo^  and  will" cause  the,  , 
.  mount  to  train  righ$,  or  the  gun  Will  elevate. 
When  a  decreasing  order  signal  is  applied  to  thqji^ 
servo  valve  (fig,  8-54),  th^  tilt  box  wiU.  move  in 
the  opposite  direction  and  the  mount  will,  train* 


•Gl>NNER»S  MtE  G  3  &  2 


VARIABLE 
(500  PSI  WHEN  SYSTEM 
IS  AT  REST^J.  ^ 


1000  PSI 
(COr^STAfTT) 


400  PSI 
(CONSTANT) 


VARIABLE  PRESSURE 
200  PSI  WHEN 
SYSTEM  IS  AT 
NEUTRAL 

V  ^ 


'  A 

B 


Figure  8-64.— Putting  tilt  on  the  A-end  tilt  box. 
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left  or  the  gun  will  depress.  In  the  next  section 
vfe  explain  the  devices  which,  in  the'all-electriC/ 
type  powfer  drive,   receive  the   order  signal 
ironi  an  amplifier,  amplify  it  still  further/  and  0 
use*  it  to  power  the  drive  motor  on  a  gun  mount. 


AiMPLIDYNE  GE.NEIUTOR 
POWER  DRIVE 

An  amplidyne  power  drive  (fig.  6-65)  consists 
basically  of  iOur  uftits;  ^ 

!•  Receiyer-regulator; 
'2.  Amplifier; 

3.  Amphdyne  motor/ generator;  and 

4.  D-C  drive  motor. 

AS  explained  early  in  this  chapter,  a  power 
drive  acts  as  a  servosystem  which  uses  feedback 
(response)^  In  /he  amplidyne  power  drive,  this 
type  of  feedback  system  is  sometimes  called 
a  foUowup  system. 

^,   In    the    amph^iyne    iollowup    system,  each 
receiver-regulator  acts  as  a  clearing-house  for 
information.  Gun  laying  is  completely  automatic 
(requires  no  assistance  from  personnel  on  the  ^ 
tnount).  \ 

The  synchro  control  transformer  located  in 
the  receiver-regulator  receives  the  order  signal 
which  electrically  indicates  the. -required  load 
position.  The  actual  position  is  determined  by^' 
means  of  the  rotor  of  the  synchro  control  trans- 
.  former  which  is  rotated  by^  the  response  shaft. 
The*  shaft  in  tu;rn  is  geared  to  the  load.' 


The  actual  load  position  is  compared  by  the 
synchro  ujiit  (error  detector)  with  the  position 
©rder  signal.  The  angular  difference  between 
the  two-  positions  constitutes  the  ei'ror  signal. 
Th§  error 'output  of  the  Qrror  detector  is  trans- 
mittea  to  the  amplifier  <fig.  8-66),  The  error- 
signal  indicates  the  extent  and  direction  of  the 
erjcor.      '  ♦  ^  ' 

The  amplifier  amplifies  the  error  sl^al  and 
converts  it  from  a.c.  to  d.c^  to  energize  the 
field  windings  of  the  axnplidyne^generator.  ^ 

/  The  amplidyne^motor /generator  set  is  basi- 
cally-a*  large  poxC^er  amplifier..  Its  power  output 
depends  on  the  strength  of  its  control  field 
control.  The  strength  of  the  cpntrol  field  current 
depends  on  th^  extent  of  the  error  si^al  deceived 
from  the  amplifier.  Therefore  m9re  power  is 
applied  to  'the  d.c.  drive  motor  for  a  larger 
signal  than  for  a  smaller  one.' 

The  amplidyne  generator,  shown  schematically 
in  figure  8-67,  is  a  power  amplifier  on  a  large 
scaler^  Any  generator  is  capable  of  amplifying 
'  power^  J)ut  not  enough  to  move  a  load  the  size  of 
a  gun  mount.  The  amplidyne  generator  is  capable 
of  multiplying  the  input  to  ifs  control  windings 
(Our  order  signal  from  the  electron  tube  ampli- 
fier) as  much  as  10,000  times.  The  output  of 
the  amplidyne  generator  is  applied  to  the  drive 
motor  on  the.  mount  and  turns  it  in  the  proper 
direction  to  reduce  the  original  error. 

^  From  the  illustration  you  can  see  that  the 
control  fields  of  Ihe  generator  (F1-F2,  F3-F4) 
are  fed  from  two  tubes  (V213  and  V214).  These 
tubes  are  the  third  stage  of  the  electron  tube 
amplifier.  In  the  second -sta^  of  the  amplifier 
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Figure  8-65.— Train  or  elevation  amplidyne  servosystem. 


!'(not^  discussed),  an  elevation  signal  causes  the 
control  grid  voltage  of  V213  to  become  more 

.  negative  and  that  of  V21'4  to  become  more  positive. 
This  will  result  in  heavy  current  for  tiie  F1-F2 
field  and  light  current  for  F3-F4.  A  depression 

^  signal  has  the  opposite  effect. 


In  one  field  of  .the  generator  the  bindings  go 
around  the  pole  m  one  direction,  and  in  the  other 
field  they  go  m  the  opposite  direction.  Afa  long 
as  the  two  currents  are  equal,  their  combined 
.  magnetizing  effect  is  zero.  If  the  F1-F2  field 
.receives  more  current,  a  field  polarity  will  be 
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tigure  8-66.  — Aniplidyne  followup -system. 

set  upland  current  will  flow  as  indicated^by  the^ 
arrow&.  r\nd  naturally,  if  F3-F4  receives  more^ 
current,  the  field  polarity  will  be  reversed,  and^ 
likewise  the  direction  of  current  flow. 

The  output  of  the  generator  is  taken  from  the 
load  brushes,  it  is  proportion^  to  the  error 
signal  on  the  control  vvindings,  but  greatly  am- 
plifieU.  i:  roni  the  generator,  the  output  goes  as 
orders  to  the  d.c.  drive  motor  on  the  mount. 
.  The  d.c,  drive  motors,  located  on  the, mount, 
tram  and  ejlevat^  the  gun  hy  n^eans  6i  its  gearing 
(lig*  Jhe  direct  current  to 'operate  the. 

drive  niotQr  is. supplied  b>  the  amplidyne  gen-^ 
eratoi .  I  he  lotalion  direction  of  the  motor  depends' 
on  the  polarity  of  the  output  of  the  amplidyne 
generator.  The  directfi^li  of  this  output,  in  turn. 


r 

depends  on  the  direction  of  the  error  signal. 
Consequently  '  the  motor  movea  the  load  in  the 
proper  direction  to  reduce  the  error. 

As  long  as  there  is  an  order  signal  present, 
there  also  is  an  error  signal,  ^yithout  an  error 
signal,  nb  power  would  be  supplied  to  the  drive 
motor  to  move  the  mount.  Because  of  the  immense^ 
amplification  capability  of  the  amplidyne  (as  much 
as  10,000  times  the  input),  the  necessary  powe^  to 
drive  the  motor  can  be  provided  even  when  the 
error  is  extremely  small. 

*  So  far, in  this  chapter  we  have  discussed  power 
drives  that  use  response.  Response  is  that  part 
of  a  pQwer  drive  servo  that  tells  the  error 
detector  that  the  order  signal  has  been  carried- 
out,  or  we  can  say  that  response  is  the  m6vement 
effected  by  servo  operation,  or  a  siraal  based 
on  it.  This  signal  is  fed  back  to  the  error-sensing 
device  at  the  system  input,  also* called  **feed- 
back".*  Feedback  is  that  signal  from  the  servo 
'  output,  fed  back  to  input  to  regulate  ^rvo  action. 

Before  going  into  a  technical  studybf  response, 
let  us  examine  a  Situation  that  e^^lains  response 
(feedback)  that  might  occur  during'  your  daily 
routine  abosird  ship. 

The  situation  goes  like  this:  The  leading  chief 
of  a  gun  battery  (GMGC  Lightfoot)  receives  orders 
from  the  fire  control  officer  for  GMG  3  Lightning 
to  report  to  director  one  for  a  training  period. 
The  chief  locates  Gunner's  Mate  Lightning  and 
orders  him  to  report  to  director  one,  he  also 
instructs  Lightning  to  notify  him  (the  chief)  *by 
telephone  as  soon  as  he  hascarrierfoutthe  or(^r. 

If  you  examine  this  e^cchange  of  orders,  you 
may  find  tiiis  example  is  not  so  far  out  after  all.* 


DC  DRIVE 
MOTOR 


Figure  6-67.— Current  control  and  amplification  through  the  amplidyne  generator 
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The  9hief,  in  receiving  an  order  for  Lightning 
and  locating  him,  acted  as  an  error  detector, 
the  error  being  that  Lightning  was  not  at  director 
one.  The  error  was  canceled  hy  Lightmng^s 
arrLval  at  the  director.  Response  was  the  tele- 
phone call  to  the  chief  made  by  Lightning  when  he 
arrive)^  at  the  director. 

RESPONSE 

Of  coufse,  the  situation  described  above  is 
not  a  technical  exanriple  of  response.  A  better 
description  is  found  earlier  m  this  chapter  where 
response  was  shown  to  be  one  of  two  inputs  to 
the  eri*or  detector.  Response  told  the  error 
detector  whatlhe  existing  conditions  of  the  niount 
were  — whether  the  nioimt  was  standing  still. or 
whether  it  was  moving,  and  if  so,  in  what 
direction. 

Generally  speaking,,  the  devices  used  to  trans- 
mit responsief^l  into  two  categories  —  niechamcal 
and  electrical.  Response  produced  electrically 
^s  usually  given  the  nanne  feedback,  and  is  most  © 
extensively  used  to  cancel  out  speed  error  signals 
produced  locally  at  the  gun  n.ount.  Signals  thus 
produced  are  not  covered  in  this  chapter,  so  we 
will  not  explore  electric  response.  * 

Mechanical  response  is  transmitted  by  a 
system  of  shafts  and  gearings.  It  n.ay  be  taken 
directly  froni  the  B-end  motor  of  a  hydraulic 
power  drive,  or  from  the  d,c,  drive  motor  of  the 
amplidyne  system. 

Return  to  figure  S-46  and  you  will  see  response 
connected  to  the  differential  can»  assembly  .Here, 
you  renriamber,  an  order  signal  caused  the  fork  to 
rotate,  and  niOve  the  fine  pilot  valve  in  a  certain 
direction,  let's  say  upward.  As  the  mount  mov^ed 
in  accordanoe  with  the  ordered  signal,  response 
was  fed  back  to  the  differential  uan.^  rotating  it. 
Through  design,  response  rotates  the  cam  in 
Such  a  way  .as  to  turn  the  fork  (and  move  the  fme 
pilot  valve)  back  toward  its  neutral  position. 
When  the  motmt  arrives,  at  its  ordered  position, 
the  fme  pilot  valve  will  be  returned  to  neutral. 
This  Cancels  any  further  error  signal  into  the 
hydraulic  regulating  components  of  the  pow^ 
drive,  and  the  mount  comes  to  a  halt.  * 

Another,  example  df  response  is  shown  in 
figure  8-49A..  Here  it  is  geared  to  the  rotor  of 
the  control  transforn^^r.  In  this  case,  when 
the  mount  arrives  at  its  order  position  the 
CT  rotor  has  been  turned  so  that  it  is  90® 
from  the  order  signal.  The  erroi*  has  been 
satisfied,  and  there  is  no  further  output  fron* 
the  rotor  windifigs.  The  control  windings  of  the 
an*plidyne  generator  balance  once  again,  and 
the  drive  rhotor  at  the  mount  stops. 


SAFETY 

Today *s  naval  ordbance  and  the  science  ol 
gunnery  have  bfecome  5o  bulky  and  complicated 
.that  safety  has  beconi-  a  major  subject.  Alito- 
matic  functions  of  gun,  rocket,  and  niissile 
system  power  drives  make  repair  and  adjustments 
a  hazard  unless  the  Gunner's  Mate's  emphasis 
is  placed  on  safety  around  machinery. 

Most  of  the  safety  warnings  and" precautions 
that  you  come  across  in  the  course  of  your^work 
are  the  result  of  accidents  which  caused  death 
or  injury  due  to  carelessness.  Safety  around 
ordnance  niachinery  is  based  on  common  sense 
whiCh  prevents  accidents.  Safety  m^ans  to  Kepp 
alert;  know  what  you  are  doing  at  all  times.  When 
working  around  ordnance  machinery,  develop 
good  safety  habits. 

When  listing  safety  precauti^ons,  it  is  dif- 
ficult to  fcover  every  possible .  situation^  that 
nnay  arise  and  which,  if  improperly  handled, 
'may  produce  serious'  results.  However,  if  a 
thorough  understanding  of  the  basic  ideas  behind 
safety  precautions  can  be  developed,  unsafe 
conditions  can  be  recognized  and  corrected  and 
further,  action  can  be  taken  instinctively  when 

the  iinpyr^afa^l  oC'CurS, 

Saf^^ris  the  responsibility  pf  everyone. Safety 
precautiops,  rules,  and  regulations  should  be 
niade  the  subject  of  frequent  instructions.  In 
this  way,  safety  will  become  an  integral  part  of 
each  individual's  working  habits. 

The  key  to  safety,  when  performing  niain- 
tenance,  testing  or  operating  ordnance  equipn.ent, 
is  the  awareness  of  danger  and  the  knowledge 
qf  how  to  avoid  it. 

.  Listed  below  are  a  few  of  the  safety  pre- 
cautions concerned  with  the  maintenance  and 
operation  of  hydraulic  equipment.  Additional 
safety  .precautions  may  be  found  in  the  pertinent 
technical  manuals  and  OPs  for  the  equipment'. 

If  clothing  becomes  drenched  with  hydraulic 
fluid,  innmediately  change  into  dry  clothing  be- 
cause hydraulic  fluid  is  injurious  to  health  when 
ih  prolonged  contact  with  skin.  It  is  also  a 
fire  .  hazard.  .  Immediately  wipe  up  all  spHlQd 
fluid.  "        .  ^  ^ 

Shut  down  system  before  undertaking  any 
repair o.  Release  fluid  pressure  before  discon- 
necting any  pressure  line.  Release  gaseous  ni- 
trogen and  hydraulic  fluid  pressure  before 
disconnecting  an  accumulator. 

If  work  n»ust  be  performed  in  an  area  where 
the  &(;tivation  of  the  gun  system  will  cause 
personal  danger  in  a  powcr-on  condition,  station 
a  safety  man  at  each  pentral  station,  establish 
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phone  comuiunication  with  the  balut>  lu.irt,  and 
use  extreme  caution;  » 

When  working  in  a  power-off  condition,  do 
not  start' gun  systeiti  until  communrcations  have 
been  established  between  the  safety  observer 
and  the  mount  supervisors. 

Do  not  allow  unqualified  or  unauthoriiied 
personnel  to  opeiatc  the  control  panels.  Tiaineub. 
or  other  persons  und^^rgoing  instruction  shall 
operate  unl>  undei  the  strict  personal  supei- 
vision  of  a  qualilicd  tod  responsible  pperatoi. 

Whenever  any  motion  of  a  power  drive  unit 
is  capable  of  inflicting  injury  to  personnel  or 
material,  not  continuously  visible  to  the  j^erson 
controlling  such  motion,  the  officer  or  petty 
offiwr  authoiiiiing  the  unit  to  Jxj  D)0ved  by  power 
shall  ensure  a  safety  watch.  The  safety  watch 
shall  be  omitted  in  general  quarters,  but  must 
be  maintained  in  areas  where  such  injury  is 
possible,, both  inside  and  outside  the  unit  being 
moved.  There  shall  be  telephone  or  other  effective 
voice  communication  established  and  mainUdned 
between  the  station  controlling  the  unit  and  the 
safety  watch. 

Safety  practices  in  maintenance  and  repair  of 
ordnance  gear  involve  not  onl>  the  gear  itself, 
but  the  tools  with  which  jou  perform  the  repair 
and  maintenance  work. 

Never  la>  hand  tools  on  topof  lunmngmachin- 
er>  where  vibration  can  cause  the  tools  to  fall 
into<^xposed  working  areas. 

void   pe^formmg    niaintenance  opeiations 
nSund  lunning  machine^,  hydraulic    s> stein,, 
which  are  under,  full  pressure,  or  energized 
electrical  equipm3nt  unless  it  is  absolutely  nec- 
essary. 


into<*; 
=*trroun< 


bafet>  piecautions  niast  )je  taken  when  per- 
forming 1  maintenance,  testing,-  and  operating 
ordnance  hydraulic  or  pneumatic  equipment.  High 
pressure  liquid  and  air  can  cause  major  injuries 
to  your  face,  hands,  and  other  parts  of  the  lx>dy 
by  ^jets  of^air  or  liquids  e^aping  from  valves 
or  pipe  connections  which  are  highly  pressurized.  * 

When  working  with  fiigh  pressure  systems, 
always  bleed  off  air  and  hydiaulio  pressures 
before  working  on  hn>  ordnance  equipment.  * 

All  hydraulic  leaks  should  reported  imc 
niudiately  and  corrected  at  the  first  opportunity  . 
A  small  leak  in  a  high-pressure  system  appig^j^^^^^x 
as  a  fine  spray  or  mjst  which,  in  some  fluids, 
could  )je  ignited  by  a  Spark,  thereby  causing  an 
explosion.        •  . 

Hydraulic  systems  operate  under  hydrUulic 
pressures  rangufg  from  approximately  100  psi 
to  2000  psi.  IfVhe  above,  safety  rules  are  not 
observed,  these  pressures  could  present  hazards 
to  personnel. 

When  working  around   rotating  machinery, 
reniember  the  following  safety  precautions: 

'1.  Never  wear  loose  clothing.         '     •  / 
■  2.  Never  remove  a  guard  or  cover  from  rU»- 
ning  machinery. 

3.  -Nevei  operate  nijchanical  or  powered 
equipment  unless  you  are  thoroughly  familiar 
with  its  control  and  functions.  % 

4.  Be  ^  sure  all  personnel  aie  clear  of  movint 
parts  before  starting  or  operating  powei?  e<j!i|p- 
mentft  *^ 

5.  Never  tr>  to  cleai  jaitimed  machinery 
Without  first  cutting  off  all  power  to  the  equip- 
msnt.*" 

ft 

Remember,  safety  is  a  state  of  mind.  » 
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CHAPTER  9 


GUN  MOUNTS 


This  chapter  is  devg^g^J^asimarliy  to  those  sig- 
nificant features  of  modern  gun  mounts  that  are 
responsible  fo^  making  them  the  effective  weapons 
they  are  today.  Each  feature  will  be  discussed  in 
a  simplified  form,  with  enough  detail  regardingits 
application  to  facilitate  the  readers  understanding 
of  operating  principles  when  he  encounters  them  in 
actual  gun  mounts  aboard  ship.  This  chapter  ex- 
plains how  the  major  assehiblies  and  sub- 
assemblies, inake  up  a  gun  mount, 

A  gun  mount  is  defined  as  the^ supporting  struc- 
ture assembly  and  operating  device  for  one  or  sev- 
eral guns.  The  mounts  may  pe  open  or  enclosed  in 
a  shield.  Each  mount  is  assembled  as  a'unit  by 
the  manufacturer,  then  hoisted  onboard  ship  and 
bolted  In  place.  .  .  M 

Modern  guns  mounts  have  been  effectively  dfe" 
veloped  to  meet  the'  threat  of  all  types  of 
gets  and  comprise  an  entire  system  of  gun  sup- 
porting parts  which  enable  them  to  rapidly  load, 
position,  and  fire  their  projectiles  with  such  speed 
arid  accuracy  that  tive>  have  become  the  backbone 
of  the  United  States  Navy's  support  forces  in  all 
wars  since  the  early  1900's. 

GUN  MOUNT  COMPONENTS 
Depending  upon  size  and  function  of  gun 
mounts,  their  subassemblies  will  vary,  but  the 
•basic  components  are  common  to  all  gun  mounts 
40mm  and  larger.  We  can  break  down  their  main 
assemblies  into  the  following  componet^s. 

Iv  Barrel^ 

2.  Housing, 

3.  Slide, 

4.  Carriage, 

5.  Stand, 

6.  Breech  assembly,  and  ^ 

7.  Gas  ejection  system. 

BARREL  ' 

The  term  "gun**  actually  designates  only  the 
gun  tube,  or  barrel,  but  is  commonly  used  to 
r^er  to  the  entire  mount  assembly  of  which  the 


barrel  is  only  a  part.  A  gun  is  essentially  a 
tube  closed  at  one  end,  from  which  the  projectile 
is  firad  and  given  its  initial  direction.  A  modem 
gun  isarrel  is  a  thick-walled,  metal  tube  which 
houses  a  propellant  charge  and  projectile  in  its 
breech  end.  '^^'hen  the  gun  is  loaded  and  then 
fired,n  it  issues  the  projectile  from  its  muzzle 
end. 

TBe  features  of  a  gun  barrel  aye  shown  in 
figure  9-1  foft  both  case  and  bag  guns.  - 

At  the  rear  or  breech  end  of  the  gun  barrel 
IS  a  Jbreech  housing,  which  houses  the  breech- 
^  block  or  plug;  this  can  be  opened  for  loading  and. 
closed  for  firing  by  a  breech  mechanism.  The 
purpose  of  the  breechblock  or  plug  is  to  seal  off 
*  dr  block  the  after  end  of  the  gun  chamber. 

The  chamber  is  the  thickest  part  of  a  gun 
barrel.  The  gas  pressure  caused  by  the  burning 
propejlantis  at  its  maximum  within  *the  chamber, 
therefore,  this  section  has  Ao  withstand  the  iji- 
itial  hi^  pressure  of  the  propellant's  exceedingly 
high  burning  rate.  The  purpose  of  the  chamber  is 
to  house  the  propelling  chai^  wh^n  tile  gun  is 
ready  tb  fire.    • '  | 

Thfe  bore  is  that,  part  of  a  guil  barrel  which 
provides  a  path  for  the  projectilejto  travel  and 
is*  rifled  to  provide  projectile  spin  for  greater 
accuracy. 

Rifling  is  that  part  of  the  boi^e's  inner  sur- 
face, \nade  up  of  spiral  grooves,  "that  Impart 
rotation  to  the  projectile.  It  also  seals  off 
.the  forward  end  of  the  chamber  at  the  origin  of 
rifling  and  prevents  th^  bumingpropellant  gases 
from  Escaping  out  throii^  the  muzzle  end.  The 
origin-  of  rifliilg.  is  just  forward  of  the  chamber 
and  Is  approximately  the  same  location  as  the 
forcing  cone. 

*The  forcing  oone,  (fig.  9-2),  is  where  the -ro- 
'tating-band  of  tfie  projectile  is  forced  into  the 
rifling  when*  the  projectile  is  loaded*  Since 
rifling  serves  an  important  function,  we  will  ex-^ 
plain  St  in  more  detail. 
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Figure  9-1.  — Gun  barrels:  A.  Cross  section  of  modern  NAVY  baggun* 
B.  Cross  section  of  3**/50  (case  anmiunition,  fixed). 
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Rifling     T  • 

Early  Navy  guns  were  capable  of  hurling  a 
projectile  Ja  considerable  distance  but  their  fire 
was  so  inaccurate  at  long  ranges  ^at  the  gun's 
capability  for  a" target  hit  wsis  reasonably  certain 
only  at  point-blank  ranges  of  80  to  100  >ards. 
Early  e;q]Heriments  with  ordnance  showed  that, 
ballistically,  a  round  ball  .was  th^  least  efticient 
shape  for  use  as  a  projectile.  To  improve  range 
and  accuracy,  larger,  round  shot  were  used  with 
the  understanding  that  wind  and  air  resistance 
would  be  less  in  massive  round  shot  than  lighter 
,ones,  thus  increasing  ^ both  range  and  accuracy. 
Sincjs  the  smooth-bore  cannons  were  capable  of 
firing  only  round  shot,  it  was  difficult  to  make 
a  projectile  more  massive.  This  was  due  in  part 
to  the  Biz^  of  the  cannon  having  to  be  increased 
as  the  round  shot's  size  was  increased.  A  mas- 
siv^^eannon  would  have  to  be  used  tp  withstand 
the^powdee  pressures  if  the  size  of  shot  were  in- 
creased too  mueh.  This  would  make  the  cannon  un- 
wieldy anrfnear  impossible  to  handle.  To  in9rease 
the  weight  of  shot,  they  were  elongated  rather  th^n 
round.  Experimpnts  proved,  however,  that  unless 
the  projectile  could  be  mad^  to  spin  around  its 
long  axis,4t  would  tumble  erractically  end-over- 
end  and  vo^ld  be  harder  to  control  Ihan  the 
smaller  spherical,  round  boll  shot.  This  type  of 
projectileAas  the  ballistics  of  a  t)rick. 


Accuracy  and  longer  range§-of  modern  guns 
have  *been  improved  by  adding  riflii^,,and  by 
elongating  gun  projectiles.  If  you  have  ever 
watched  a  football  gcim^,  you  have  seen  how  the 
.shape  of  thfc  fpotball  cuts  dwn  both  wind  and  air 
resistance  due  to  its  pointed  ends.  The  player 
who  throws  the  football  improves  his  accuracy  by 
.  m;tking  the  ball  spin;  that  is  what  rifling  does  to 
«a  projectile. 

Rifling  is.  a  set  of  spiral  or  helical  grooves, 
machined  into  the  bore  of  the  gunj  (figs.  9-3  and 
9-4).  In  most  types  of  larger  guns,  the, rifling 
is  cut  into  a  liner; .fig.  9-3  shows  the  rifling  cut 
into  the  liner  of  an  8-inch  turret  of  recent 
design.  The  purpose  of  using  a  liner  is  to  pre- 
vent replacing  the  entire  gun  barrel  when  the 
rifling  is  worn  down  to*a  point  that  it  affects 
the  initial  velocity  of  the  projectile.  Each  round 
fired  throu^  ,the  gun  causes  erosion  (wear  in 
the  gun  bore).  The  major  result  of  wear  of 
the  rifling  is  the^  loss  of  pressure  applied  by 
the  bOrning  propellant  as  it  forces  the  projec- 
tile t^rou^  the  bore.  You  learned  earlier  that 
the  projectile's  rotating  band  prevents  the  pro- 
pellant gases  from  escaping  out  throu^  the 
muzzle  end  of  the  barrel.  Since  each  projectile  is 
forced  into  the  gun's  rifling  at  the  origin  of 
rifling,  this  is*  the. area  of  the  barrel  that  re- 
ceives the  m^st  wear.  'When  the  erosion  becomes 
too  great,  the  gun  liner  has  to  be  replaced.  The 
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CHAMBER 


ORIGIN' OF  BIFUNG 


PROJECTILE 


BORE 


RIFLING 


FORCING     ROTAriNG  BAND 
CONE       (GROOVES  CUT  BY  RIFLING) 


84.235(110A) 
Figure  9-2.  —  Cross  section  of  gun  chamber. 


fire  control  technicians  can  compensate  for 
erosion  by  making  initial  v.elocity  correction  to 
their  computers^  but  only  up  to  a  certain  point, 
after  which  a  new  barrel  or  liner -must  be  in- 
stalled: New*  liners  (fig.  9-3)  are  forced  into  the 
gun  tube  and  keyed  into  place.  The  liner  can  be 
jacked  out  of  the  gun  tube  by  means  of  lacking 
lugs,  which  serve  to  anchor  a  jacR  when  re- 
placing a  liner  (fig.  9-3).  The  type  of  rifling 
shown  in  figure  9-^4  is  machined  into  the  gun  bore 
and,  when  worn,  the  entire  gun -barrel  miSt  be 
replaced. 

In  figure  9-5  you  can  see  how  the  spiral 
grooves  engage  the  copper  rotating  band  secured 
to  th^  body  of  the  projectile  and  twist  it  as  it 
moves  through  the  barrel.  By  the  time  the  pro- 
jectile* has  left  the  muzzle  (fig^  9-6),  it  is  spin- 
ning at  ft  great  speed.  In  some  guns  it  rotates 
about  40,000  revolutions  per  minute. 

In  figure  9-4  the  rifling  fs  ^own  viewed  from 
the  mizzle  end  of  a  barrel.  The  raised  portions 
of  the  rifling,  .between  the  grooves,  are  called 
lands  (fig,  9-7).  In  nearly  all  naval  guns  the 
rifling  has  a  uniform  ri^t-hand  twist.  The  pro- 
jectile is  turned  clockwise,  as  vie\yed  irom  aft 
(fi^.  9-6)  as  it  travels  through  tbe'gun  bore.  You 
can  also  see  how  the  rotating'  band  is  deeply 
engraved  by  the  rifling  as  the  projectile  leaves 
the  gun  barrel.  The  rifling  of  modern  guns  Is 
chrome  plated  for  longer  service  life. 

The  bore  diameter  or  caliber  of  a  rifled  gun 
is  measured  from  the  top^of  one  land  (the  high, 
surface  between  grooves)  to  that  on  the  opposite 
side  of  the  bore  (figs.  9-4  and  9-7). 'The  diam- 
eter of  a  gun's  bore  is*  also  used  fo  express  the 
length  of  the  gun's  bore.  For  example,* the  term' 
16  inch  50  means  that  the  dlamster  of  the  bore  is 
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RiFUHsanore 


84.136 

Figure  9-3.  —  Muzzle  , end  of  an  *8-inch  gun, 
showing  liner  with  nflmg,  matching  refer- 
ence marks,  and  jack  lugs. 
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Figure  9-4.  -  Rifled  bore  (viewed  head-on). 
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84.143.2 

,Pigure  9-5*  — The  rifling  engraves  the  rotating 
*  '    band.  * 


16  inches  and  the  length  of  the  gun's  bore  is  50 
calibers  long;  the  actual  ler^h  of  the  gun  barrel 
bore  is  (16^  50)  or  800  inches. 

Exterior  Sections 

The  other  features  of  a  gun  barijel  areolassi- 
■  fied  as  the  exterior  sections,  as  shown 'in  figure 
9-1^  Starting  at  the  muzzle  end  we  have  the  bell, 
which  is  the  thick  part  of  ttie  muzzle.  It  dis- 
courages any  tendency  for  the  metal  to  split. 
Many  gun's  do  not  have  this  feature,  but  have  lugs 
as  shown  in  figure  9-^3.  The  next  section  is  the 
neck,  which  is  the  thinnest  part  .of  the  gun  barrel 
(fig.  9-1).-  , 

Next,  we  have  the  gun  chase,  which  is  the  oxuer 
section  between  the  slide  cylinder  and  the  muzzle 
bell.  The  slide  cylinder  is  that  p^rt  of  the 
gun  barrel  which  moves  within,  the  slide  during 
recoil.-  The  rear  cylinder  surrounds  the  chamber 
in  some  type  guns.  The  yoke  is  the  chief  support 
of  recoiling  parts.  A  gun  housing  is  equivalent 
to  the  yoke  and  houses  the  breech  mechanism  on 
case  guns  (fig.  9-1). 

HOUSING  "       ,  ' 

i 

The  housii^.;noves  in  recoil  and  cotinterrecoil 
on  the  bearing,  surfaces  imthe  .slide.  The  barrel 
is  locked"  into  theliousing  (fig.  9-8)  by  a  bayonet 
joint  and  a  Iqpking  key.  The  housing  has*  the 
breechblock  guideways  for  sliding  wedge  type 
breechblocks  to  work  in.  The  housing  also  cen- 
tals half  of  the  recoil  system.  In  th^  5'V38, 


two  recoil  cylinders  are  iriachined  into  the  hous- 
ing.  These  cylinders  ride  back  and  forth  over 
stationary  pistons,  buffing  the  reanvard  m<2)ve- 
ment'of  the  gun  when  it  fires.  In  the  3'V50  RF 
the  housing  is  attachjsd  to  the  piston  and  moves'* 
it  forward  and  aft  in  a  stationary  cylinder  to  buff 
recoil.'  ^ 

The  housing  j(and  barrel)  are  IN  BATTERY 
when  they  are  in  'their  full  forward  position. 
In  most  cases  a  mark  is  painted  on  the  housing 
to  line  up  with  a  similar  mark  on^he  slide  when 
the  gun  is^in  battery.'  This  is  a  safety  feature;- 
it  is  checked  by  some' member  9f  the  gun  crew^ 
tp  prevent 'firing  when  the  gun  is  not  in  its  full 
forward  position. 

SLIDE      '  \  *   ,  • 

The  slide  doesn't  slide,  but  is  fitted  with 
bearing  surfaces  *which  support  ^and  guide  the 
.'slidihg  (recoiling)  barrel  and  housing.  The  gun^ 
is  elevated  and  depressed  by  elevation  gearing 
(fig.  9-9B).  *  This,  gearing  is  'connected  to  the 
slide  by  a. pinion  which  meshes  with  an  elevating 
arc.  The  elevating  arc  is  a  segment  of  a  large 
external  spur  gear,  and  Is  solidly^bolted  to  the 
.slide.         .  • 

The  slide  comes  in  many  shapes  and  sizes:  but^ 
it  can  always  be  recognized'because  the  trunnions** 
are  a  part  of  it,  and  it  carries  the  recoiling  * 
parts  of  the  ^n.  F^re  9-9  shows  some  fe^- 
tures  of  the- slide. 


CARRIAGE  ASSEMBLY  • 

-  * 

The  carriage  generally  consists  of  two  main 
parts;  the  base  ring,  and  the  gun  carriage  itself. 
The  base  ring,  a  large  rectangular  weldmentwith 
a  circular  deep  section  ring  at  the  bottom,  rides 
on  the  horizontal  roller  bearings  in  the  stand. 
Horizontal  parings  (fig.  9-10)  support  the  weight 
<rf  the  carriage,  and  will  take  up  any  thrust 
during  firing.  Vertical' bearings  are  used  to  carry- 
any  radial  load  caused  by  the  roll  and  pitch  ot 
the  ship,  and  the  horizontal  thrust  oi  firinff. 

Holdingrdown  clips  (fig.  9-11) .  are  bolted  to 
the  base  ring  and  hook  under  the  training  circle. 
.There  is  enough  clearance  to  permit  the  mount  to 
train  freely.  But  the  clips  'will  prevent  the 
mount  from  bucking  upward  duringfiring,  or  while 
in  heavy  s^as.      '  ^  \  — ^ 

*  The  carriage^  which  carries  the  gun  proper,  is 
bplted  to  the  base  i:ing.  Basically  the  carriage 
consists  of  a  pair  of  massive  bracket^  4?^^^®^ 
cheeks)  firmly  braced  together.  The  carriage 
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Figure  9-6.  — Rotational  velocity  isjmparted  by  riflir^. 


84.143.3 


cheeks  are  machined  and  fitted  to  hold  the  trun- 
,nion  bearings.^  The  trunnions  (machined  onto  the 
slide) .  work  in  these  bearings,  making  it  possible 
to  elevate  and  ^dep^e8S  the  gun  (fig.  '9-12). 

•STAND     *  , 

The  Bt^nd  (fig.  9-13)  is^  that  part  of  the  gun 
nxount  which  is  fiirmly  secured  to  the  ship's  deck. 
It  carries  the  wei^t  of  the  ei\tire  mount.  Bolted 
to  the  stand  is  the  training  circle,  a  large 
internal  9pur  gear.  A  large  pinion  gear  in  the. 
train  gearing  meshes  with  the  training  circle. 


.  ^\'he;l  this  pinion  is  rotated  (by  either  a  power 
driv^  01  handwheels),  the  pimon  walks  aiound 
the  training  circle,  turning  the  mount. 

To,  reduce  friction  betw^dn  the  trainable  por- 
tion of  the  gun  mount  and  the  stand,  several  sets 
of  bearings  are  used.  As  you  remember  from  your* 
study  of  bearings^  with  rolling  contact  (chapter  6), 
these  bearings  reqviirfi'two'roller^ paths  (ra^es)^ 
The  gun  mount  stand  contains  the  stationary  races; 
the  carriage  provides  the  movin^ones. 


LOaiNGKEY 


BAYONET  JOINT 


DIAMETER  OF  BORE  (TOP  OF  LANDS)  CALIBER 


D^THOF 
GROOVF 


Figure  9r7.  ^ 


84.143.4 
•  Details  pf  gun  riflipg. 
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Figure ^9-8.  — The    barrel   is  fastened  in  the 
housing  with  a  bayonet  joint  and  locking  key. 
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Figure  9-9. -  The   slide.   A., Main  features.  B. 
Principle  of  elevating  mechanism. 


•  34.138 
Figure  9-10.  — Vertic^al   (radial)   and  horizontal 
roller  bearings  carry  the  loads  and  thrust. 


GAS  EJECTION  FIH^CTIONS 


fKfeN  gas  ejection  system  is  used  to  expel 
residual  gases  from  th.e  gun  bore  after  firing, 
thereby  lessening  th^ /darker  of  a  flareback. 
When  a  gdn  fires,  not  all  of  the  propellant  may  be 
completely  burned;  there  is  often  an  inflammable 


In  figurjp  9-14  the  main  assemblies  are  illus- 
trated to  reveal  what  might  be  called  the  skeleton 
of  2C  gun  mount.  They  are  stripped  away  from  eacji 
other  to  show  how  the  main  a$senriblies  of  a  gun 
mount  fit  together  to  form  a  complete  major  unit. 

BREECH  MECHANISMS  ' 

The  breech  mechanism  used  with  gun  mounts  is 
classified  as  a  verticai  sliding  wedge  breech 
block.  Guns  whose  propelling  charges'  are  con- 
tained in  nietal  cases  us^  this  type  oi  breech 
mechanisni,  which  functions  not  only  to  seal  off 
the  after  end  of  the  gun  chamber  but  also  to  ex- 
tract the  fired  metal  cas^  from  the  gun  chamber 
during  the  guris  counterrec'oil  cycle.  Sliding 
wedge  breech  blocks  can  be  operated  either  mech- 
anically or  hydlraulically  and  differ  dnly'in  their 
design.  They -all  serve  the  same  fHirpose^  The 
operation  of  breech  gjiechanisms  jj^ill  be  discussed 
in  another  chapter.,  .  ^ 


84.139 

Figure  9-11.  —  Holding-down  clips  permit  rota- 
tion but  prevent  separation. 


ERLC 


Chapter  9  — GUN  MOUNTS 


Figure  9-12.'— The  carriage.  A.  U^per  and  loAver  carriage*  I?.. trunnion 
-   '  '     "       '    '-bearings.  '  *  - 


110.48 


gray  smdk§  left  as  a  rco:vJu«;?»  These  gases  are' 
unsafefo-breatheand  are  likely  to  be  either  com^ 
btistible  ,6r  actually  bu"^nJng,  Tliey'  are  so.me- 
fimc>'?  capaole  of  spoiitaiiejas  cotii'Jlstion  when 
mixed  with  air  ' in  ap?^  eaclos.'3d  spaje*  A  gas 
ejection  system  will  fqrce  *these  poisonous  gases 
out  the  muzzle  end  gf  the  gun  by  a  bl*ast  of  air^, 


All  enclosed  gun'mqunts  and  turrfets  have  some 
type  of  gas  ejection  system.  ,  ^ 

GAS  E  JE  CTION  SYSTE  M        *  - 


i  untramentally  the  gas'ejectot  is  a  system' of 
piping  that  connects  several  ports  of   nozzles  ip  , 
.  and'^arpuhd  the  breech.  Air  for  the^systenf  is^ 
supplied  from  the  ship's  cbmpressed  ai'r'supply.  ' 
In 'the  gas  ejector  illustrated .  in  figure  9t15, 
the  nozzles  are,  located  right  behind, the  breech- 
block, so  that  th6 blast  IS  directedup  the  gun  bore.^^ 
The*  air  valves  of  all  gas  ejectoT^sy stems  open  ^ 
automatically,  during  the  firing  cyclel^The  method  ♦ 
for  closing  tjiem  varies  according  to  the  gun.' 
The  5"/54  Mk  42  closes',  automatically  between 
eactr  round.   The   5*V38  system  shuts  off  as 
the  pro|ectileman  rams  ,  a  new  charge  into  the  . 
breech.  Gas  ejection  air  i^  shut  off  by  liand  in 
^  turret  guns, 

Qas  ejector  systems  operate  at^SS  to  200  psi, 
depending  .upcin  the  particular  installation.  The 
air  comes  from  the  ship*s  air  compressor  (low  or 
medium  pressure).  Sometimes  a  ship's  high 
pressure  system  (over  lOOO  psi)  is  connected 
through  reducirs  to  gas  ejection  piping  for  emer- 
gency use.      V  ^ 


Let's,  trace  the 
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lure  9-l*3.  — Details  of  the  stand. 


gas  ejector  system  a  little 
further  back.  Air  is  fed  to  the  air  valve  by  an 
expiinsion*  joint,  which  consists  of  two  pipes  fit*- 
ting  one  \7ithin  the  other  and  equipped  with  pack- 
ing so  that  the  air  cannot  leak  out.  The  inner 
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*  84.137 
Figure  5-14.  -  :vlain  ^^sembiies  of  5'V38.dual- 
^       puriKJse  gun. 

pip^  can  move  with  i^espect  to  the  outer  as  the  gun 
moves  in  recoil  and  counterrecQil.  Thus  air  can 
go  through  the  system  tiven  while counterrecoil  is 
taking  place.  .  .  . 

Naturally,  the  gas  ejection  system  must  op- 
erate effectively*  at  all  angles  of  elevatidn  and 
tiain.  To  make  this  po^ssibk  ,  the  air  is  led  in 
thiough  swivel  joints,  \^ich  permit  one  section 
.of  pipe  to  rotate  with  i^espeet  to  the  other  with- 
out permitting  aii  leakage.  If  the  air  line  comes 
up  from  the  ship's  supply,  through  the  center 
or '  base  df  the  mount;  a  swivel  joint  there  will 
perrpit  movement  in  train.  At  the  frunnLon, 
aboxxt  which  the  gun  moves  in  elevation  and  de- 
presses; is  another  swivel  joint  ,which-perniils 
free  passage  of.  air  In  the  line  to  the  gun  breech 
and  allows  free  movement  of  the  gun. 
^  On  older  mounts* asid  turrets  you'll  often  find 
flexible  hose  connections  for  hookir^\up  to  a 
standby  air  line  in  an  emergency. 

One  more  thing  about  g^c  ejectois.  They  are 
inten^Iud  ta  help  pxev^nt  flaiebacks  but,  espe- 


AIRSUPPY  PIPE 


^4.146 

Figure  9-15.  — Gas  ejection  system  (5'V38). 

cially  in  bag'  guns,  they  are  not  automatic  in- 
surance against  eithtji  foul  bores  or  flarebacks. 
After  firing  §  shot ^  every  bore  is  a  foul  bore. 
All  the  gils  ejector  can  dg^  is  remove  dangerous 
gases  faster  than  they  would  dissipate  of  them- 
selves.' 

CLASSIFICATION  OF  MOUNTS 

There  are*  many  ^yays  to  classify  gun  mounts. 
Depending  upon  whether  or  not  they  have  shields 
to  protect  the  gun  and  crew  from  the  weather  and 
splinters,  mounts,  are  called  either  open  or  en- 
closed. Depending  upon  fiow  many  guns  (barrels)  a 
mount  hds,  it  can  be  single,  twin,  or  quad,  and  so 
on.  For  the  purpose  of  this  text  however,  gun 
mounts  Will  be  classed  as  to:  Battery,  Caftber, 
and  Function. 
BY  BATTERY.  *       ^  ^ 

For  some  time  Navy  gun  mounts  wei*e  classed 
by  batteriCijs  using  the  terynS  main,  secondary, 
and  antiaircraft.  There  is  riot  firm  law  laid  down 
for  dividinc  euh  mounts  into  these  classes.  That 
IS,  a  gun  such  as  a  5"/38  would  likely  be  part 
of  the  kntiaircraft  battery  on  a  cruiser,  but  on 
a  destroyer  it  would  be  considered  pai't  of  the 
ship's  main  battery.  The  clas^ificaH^n  of  gun 
mounts  according  to  this  plan  varies  from  one 
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type  ship  to  another,  and  Is  ^  matter  of  local 
optioifi.  Generally  speaking,  the  main  battery  Nvould. 
be  the  ship's  primai*y  fighting  weapons  with 
consideration  given  to  the  punch  that  the  weapon^ 
deliver,  and  their  range.  Secondary  batteries 
would  be  the  ship's  second  string  of  orjdnance. 
Usually  these  guns  are  of  shorter  range  than  the 
niain  battery,  but  have  a  better  rate  of  fire.  The 
.antiaircraft  batteries  will  b^  made  up  solely  of 
guns  designed  to  loe  fired  against. aircraft. 

A  system^  which  eliminates  much  oi  this  over- 
lapping oi  classification  is  now  being  used  in 
several  official  publications.  Gun  mounts  under 
.this  system  (Jivide  guns  ^nto  the  following  three 
classifications. 

SURJ'ACE  BATTERY.  — These  weappns  are 
designed  to  be  used^,  against  surface  or  shore 
targets  only.     •  '       s  ' 

DUAL  PURPObE  BATTERY.— These  vveapons 
are  designed  to  be  used  against  both  surface 
(or  shore)  and  ^rcraft  targets.  Also,' the  fire  , 
control  system  with  which  they  are  normally 
associated  is  equ^jped  to  han^e  both  surface  and* 
AA  problems— for  exampje^^  t)"  guns. 

MACHINEGUN  BATTERY.— Guns  belonging  td 
this  classification  are  primarily  antiaircraft 
weapons.  In  emergency,  of  course,  they  could' 
be  used  against  any  targ^,  but  tjieir  associated 
fire  control  equipment  can  compute  accurately 
for  AA  targets  only. 

BY  Caliber. 

Guns  are  often  classified  by  the  caliber  of 
their  bore.  The  names  of  the  classes  are  majorj 
Intermediate,  and  minor.' 

Maior  calibei  guns  ape  those  of  8-inch  and 
larger. 

Intermediate  caliber  guns  are  those  under  8- 
inches  and  above  3-inches  In  caliber.  At  present 
this  class  ^includes  all  5-inch  guns  >nd  the 
6-lnch  guns  in  turrets. 

Minor  caliber  guns  are  those  3-inch  and  below 
(not  Including  small  arms). 

BY  FUNCTION  ' 

Guns  are  classed  as  to  function  (type  of  fire) 

as: 

Single  fire,  where  the  breech  mechanism  Is 
always  opened  and  closed  by  hand. 

Semiautomatic,  which  use  the  force  of'e:q)lo- 
slon  to  open  the  breech,  eject  the  cartridge  case, 
and  cock  the  firing  mechanlsn;i.  Loading,  howjBver, 
requires  a  member  <5f  the  gun  crew  to  place 
a  round  In  the  breech  or  tray.  The  5" 7^8  and^ 


6"/47  case  guns  are  examples  of  semiautomatic 
guns. 

Automatic,  which  use  the  force  of  the  explo- 
sion to  'perform  all  loading  and  reloading  opera- 
tions.  4D-mm's  are  automatic  guns. 

Rapid  fire  (RF),  Avhich  use  power-operated 
equipment  to  autpmatically  load  rounds  into  the 
breech  as  long  'as  the  electrical  loading  circuits, 
are  closed'.  3»V50,  5'V54  .MK  45  and  IVIk  42. . 
and  8"/55  case  guns  are  examples  of  rapid  fire' 
^s. 

FEATURES  OF  GUN  MOUNTS 

• 

There  are  several  distinctive  features  that  are 
found'  in  all  modern  gun  mounts  which  will  vary 
according  to  the  gun  mount's  functions.  These 
varying  features  .apply  to  the  types  and  charac-* 
teristics  of  their  sub-systems.  We  have  discussed 
the  gun  mount's  main  assemblies.  We  will  now 
show  tlie  difference  between  the  gun  mounts  most 
likely  to  be  found  aboard  combat  ships  in  today^s 
Navy.  Though  gun  mounts  differ  in  varying  forms,' 
they    ali   have  the  following  modern  charac-^ 
teristics: 
-  1.  Electrical  firing; 

2.  Ammunition      feed      systems,  power 
rammers,  power  hoists; 

3.  Hydraulically     controlled     recoil  and 
counterreeoil  systems; 

4.  Training  and  elevating' power  drives; 

5.  Remote  control;  and 

6.  Sighting  equipment,  x 

The  gun  mounts  to  be  discussed  are  the: 
3'»/50  RF,  5"738  DP,  and  5'V54  RF.  ^ 

3"/50  RF  GUN  MOUNT  . 

The  3"/50  rapid-fire  guns  are  semiautomatic 
.guns  with  automatic  power-driven  loaders, 
installed  in  .  open  or  ^nclosecj  tw^n  or  single 
mounts.  They  are  primarily  intended  for  .air 
defense,  but  can  be  used  against  surface  targets* 
They,  were  planned  during  World  War  II  when  a 
need  developed  for  a  rapid-fire  gun  with  a 
larger  exploBive  projectile  that  could  stop  suicide 
planes  or  dive  iJombers.  The,  3» '/SOT  mount  was 
,not  completed  In  time  to  be  used  In  combat  In 
WorldH;7IEiS[I>  1*  has.  since  proved  itself 
very  effectire  and,  sfnce  World  War  II,  has 
virtually  dismaced  its  predecessors— 40 mm  twin 
and  quadm^ie  mounts  — on  combat  vessels.  It 
Is  generally  used  with  relative-rate  fire  control 
aystems. 

The  3"/50  rapid-fire  mounts  now  operational 
in  the  fleet  are  the  outwardly  identical  twin  Mk 
27  and  Mods  and  Mk  33  and  mods,  and  the  single 
Mk  34,  All  use  the  same  gun  and  similar  loading 
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mechanisms  (except  that  in  the  twin  mount  the 
assemblies  are  of  oppQsite  hand)»  The  two  marks 

i  twins  are  .similar  in  nearly  all  details  except 
the  sUde  (fig.  9-16)..  ,  " 

Two  mods  of  the  Mk  33  are  enclosed  twin 
mounts  wijbh  aluminum  shield.  The  other  mods  are 
twins  with^modifications  for  installation  Of  a  fire 

'V  control  radar  antenna,  or  for  substitution  of 
aluminum  platforms  instead  of  steel.  The  Mk 
84  mount  is  an  open  single,  similar  in  controls 

.  '  and  equipment  to  the  twin,  with  a  nght-hand 
.  slide  and  loader  as3embl^'. 

CONSTRUCTION 

The  barrel  of  the  3"/50  gun  is  a  one-piece, 
rifled,  chambered  tube,,  with  breech  end  locked  to 
the  housing  by  a  bayonet  type  joint.  The  housing 
J.  contains  the  vertical  slidihg-wedge  breech  mech- 
anism. The  slide  supports  the  recoiling  parts 
(gun  barrel  and  housing)  on  bearings.  Recoil  and 
counterrecoil  ntovement  are  controlled  by  a  hy- 
draulic recoil  cylinder  and  a  large  counterrecoil 
spring  surrounding  the  barrel. 

The  slide,  gun,  and  housing  are  supported  by 
the  carriage*  The  slide  trunnions  rest  m  roller 
bearings  at  the  top  of  the  carriage.The  elevat- 
ing arc  on  the  slide  meshes  with  the  elevating 
pinion  of^the  mount  elevation  power  drive  system. 
The  stand  is  a  deck-flange,  base-^ring  design 
^hich  includes  the  training. circle  and  the  sta- 
tionary roller  path.  In  train^  the  mount  is  driveaa 
by  a  power  motor  which  rotates  the  training  pinion; 

•  AUTOMATIC  LOADER 

Jn.niany  features  of  design,  the  3'y50  rapid- 
fire  gUli  differs  markedly  froip  other  gun  mounts. 
The  main  distinguishing  feature  is  the  auto- 
matic loader. 

The  loader  is  an  independent,  electric  power- 
driven  machine  mounted  on  the  af^er  part  of  the 
slide,  It  mechanically  loads  each  gun  at  th6. 
rate  of  45  rounds  per  minute  as  long  as  ammuni- 
tion is  served,  as  shown  in  figure  9-17,  and 
the  firing  circuit  is  closed; 

The  major  loader  con^ponents  that  will  be 
discussed  are  the 

\       1.  Loader  drive  unit,  ' 

2.  Hopper, 

3.  Transfer  tray  and  shell  carriage, 

4.  Control  system,  ^ 
^          5.  Leftside  plate,  and 

**6.  Right  side.plate.  ^ 
The     loader     dpive     unit    consist^  of  a 
.    3-horsepower  motor  and  various  chain  and  gear 
(drives.  ^        -  ' 


Most  of  the  latter  are  located  in  the  main  housing, 
which  is  a  large,  square,  boxlike  structure 
mounted  on  top  of  the  gun  slide.  The  drive  motor 
is  flange-mounted  to  the  forward  face  of  thi6 
housing.  The  drive  motor  ^drives  the  gearing  and 
chains  which,  in  turn,  caus^  all  mechanical 
parts  of  the  loader  to  function  at  the  proper 
time  and  in  the  proper  sequence.  *" 

The  hopper,  into  which  the  ammunition  is 
manually  fed  by  the  two  shfellrpen,  is  Ipcated 
directly  abaft  the  main  housing  and  is  secured  to 
the  left  and  right  side  plates.. 

The  heart  of  the  hopper- is  the  hopper  feed 
mechanism  which  consists  of  right,  center,  and 
left  shaft- and- sprocket  units  and  right  ana  left 
round- aligning  attachments.  The  aligning  attach- 
ments ensure  that  the  ammunition  is  correctly 
loaded  by  the  shellmen. 

The,  right  and  left  sprockets  xevolve  inter- 
mittently in  one  direction  to  move  ammunition  to 
the  center.  The  center  sprocket  revolves  in  al- 
ternate directions  to  accept  rounds  from  right 
and  left  sprockets.  (The  sequence  of  sprocket 
rotation  was  explained  in  detail  in  chapter  6).' 
After  five  rounds  have  been  loaded,  tf^e  first 
round  will  be  indexed  (loaded  into  the  transfer 
tray  for  catapulting)  by  the  center  sprocket. 
(See  figure'9-18).  . 

The  transfer  tray  and  shell  carriage  unit  is 
,the  loader  component  that  moves  each  round  of 
ammunition  from  its  index  position  down  into  line 
with  the  gun  bore,  and  catapults  it  into  the  breech 
chamber.  (See  figure  9-19).  The^  tray  is  a  rec- 
tangular box  structure  wiiJti  2  sprockets,  1  in 
each  end  of  the  tray,  about  wliich  the  endless 
ramming  chain  is  looped. 

The  tray  Is  supported  and  positioned  by  four 
arms  pivoted  in  the  right  and  left  side  plates. 
The  two  Wt  tray  arms,  hence  the  Whole  tray 
assembly,  are  driven  by  the  transfer-tray  drive 
gears  mounted  in  the  left  side  plate.  Drive  for 
the  rammer  chain  comes  from  concentric  shaft- 
ing through  the  left  forward  tray  arm  to  the  for-, 
ward  chain  sprocket. 

Secured  to  the  rammer  chain.on  the  upper  part 
oithe  tray  is  the  shell  carriage,  a  small  L-^aped 
castings'  to  support,  transport,  and  release  the 
round  on  the  tray  during  the  riming  cycle. 
The  cycle  of  operation  of  the  transfer  tray 
assembly  begins  when  an  indexed  round  from  the 
chopper  seats  in  the  shell  cp.rrl^^ge♦  The  four 
arms  then  begin  to  rotate  about  their  pivots, 
translating  the  tray  forward. 

When  the  tray  is  almost  inline  with  the  breech 
opening,-»it  hegind  to.  swing  forward  to\/ard  the 
breech*  At  this  point  the  rammer  chain  begins 
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Figure  9-16.  — 3"/50  RF  twin^iojnt  Mk  27  Mod  3.  (Mk  33  is  externally 
similarK.  Inset;  3"/50  twin  mount  Mk  33  Mod  4,     '  ' 
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t  110^8.1 
'Figure  9-18.  -  3' VSO  rapid-fire   guru  Sprockets 
drying  ammunition  into  the  freed  mech- 
anism of  the  automatic  loader.. 

moving  the  shell  c^irriagt  and  round  rapidly  for- 
ward.^ ^    '      ■     .  '  ^  "I 

'  WTien  the  tra>  is  <it  its  fonvardmost  point,  the 
carri<ige  is  all  the  wa^  forwaid,  relative  to  the 
tra>,  and  is  releasing  the  lound,  which  travels 
on  into  the  breech  as  shown  in  figure  9-20.  The 
tray  then  reverses  its  direction  and  moves  aft  and 
up  to  pick  up  another  round.  During  this  time  the 
ramming  chain  moves  aft  to  reposition  Ihc  sheii 
carriage  on  the  tray. 

The  right  and  left  side  plates  of  the  loader  are 
(imilar  st^el  forgings  rou^ly  4  feet  long  and  2 
3et  deep  -  Secured  to  the  right  and  left  sides  of 
le  gun  slide*  resF>ectively.  ,The>  support  all  the 
loader  sul^assemblies  except  the  drive  gear.  In 
addition,  each  includes, man>  loader  operating  and 
control  devices  and  elements  of  the  breech  mech- 
anism* 

The  loader  control  6ystem  synchroni^zes  and 
interlocks  the  components  of  the  loader  with  the 
breech  mechanism  and  with  eacbpther*  It  consists 
of  electrical  circuits,  solenoids /selector  switch- 
es, automatic  switches,  firing  k^ys,  electrical 
interlocks,  and  other  Items.  The  mount  captain's 
control  panel  (described  in  the  next  section) 
is  a  combination  control  and  indicator  station 
for  the  loader  control  system. 


MOUNT  CONTROL  STATIONS 

The  mount's  amplidyne  electric  power  drives 
may  be  controlled  in  automatic  from  a  director 
or  in  local  at  the  mount.  There  is  no  manual  co^in 
trol  as  such,  only  an  auxiliary  handcrank  for 
securing  or  servicing  the  mount.  These  mounts 
feature  a  unique  local  control  arrangement  in 
that  there  are  two  types  of  local  control,  local 
AA  and  local  surface.  Each  has  a  separate  con- 
trol station.  Local  surface  is  the  ri^t  gun- 
laying  station.  Wlien  the  gun-laying  drive  selec- 
tion is  local  AA,  the  left  gun  layer^  controls 
the  mount  in  both  train  an^i  elevation,  and  fires 
the  gun.  The  left  gun  layer's  controls  consist 
of  a  ring  sight,  a  one-man  gun-laying  control 
unit  with  gun  firing  key  in  right  hand  gi^ip,  a 
fire  cutout  indicator,  and  a  gun-laying  emergency 
stop  control.  There  is  no  sight-setting  pro- 
vision at  Uiis  station. 

The  ri^t  gim  layer  is  responsible  for  start- 
ing the  elevation  and  train  drive,  selecting  me 
control  station,  laying  and  firing  the  guns  when 
the  drive  selection  is  local  surface,  and  observ- 
ing coirespondence  between  gun  position  and  gun 
order  sigimls.  The  rjght  gun  layer's  controls 
consist  of  a  telescope  and  open  sight,  a  one-man 
gun-laying  control  panel,  and  a  train  cable-twist 
indicator^  (fig.  9-2lJ.**The  gun-laying  ^nCrol^ 
panel,  for  a  twin  mount,  contains  a  control-station 
selector  switch,  gun-finng  cutout  lights,  power- 
on  lights,  correspondence- indicator  meters toin- 
dicate  correspondence  between  gun  andmountpo- 
sition  and  the  order  signal,  and  power  start  and 
stop  buttons.  \ 
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Lsed  la  Conjunction  with  the  local  surface 
station,  but  requiring  an  additional  operator,  is 
the  slghtsettei  station  (fig.  5-22).  It  is  located 
directly  behind  the  ri^t  gun  layer.  The  si^t- 
setter  qperator  receives  sight-setting  orders  via 
telephone  itom  the  director  or  other  fire  con- 
trol statipn  and  sets  them  into  the  sightsetter's 
unit  by  handwheel  operation^  This  action  offsets 
the  right  'gun  layer's  sight  the  required  amount. 
The  sightsdtter  is  used  only  with  local  surface 
gun  l^iing.  \ 

The  mount  captain's  station  on  a  twin  mount  is 
located  between  the  guns.  It  is  to  the  left  of 
the  gun  on  a  siiig^e  mount*  The  mount  Captain  is 
the  supervising  gunner  and  crew  captain.  His 
operations  are  directed  via  telephone  b>  the  con-, 
trol  officer.  He  controls  and  directs  the  per- 
formance of  both  guns  by  his  use  of  t^te  mount 
captain's  controlffr^  In  emsrgency  he  mops  the 
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Figure  9-19.  — 3* V50  rapid-fire  guru  Tray  of  automatic  loader  swinging 
down  into  alignment  .with  open  breech. 

firing  of  either  or   both  guhs.  His  panel  of  various  illuminating  indicators  to  indicate  the 

switches  allows  him  to  select  the  control  station,  occurence  and  location  of  malfunctions.  The  gun 

switch  to  single  or  automatic  fire,  and  select  the  captain!^  firing  key  must  be  closed  before  the 

gun  or  guns  to  fire.  '  loaders,  will  function.  The  key  has  a  latch  to 

Other  elements  of  hts  control  panel  are  master  hold  it  in  closed  position  when  control  of  fire  is 

pushbuttons  for  stopping  either  one  or  both  of  the  ^  to  be  at  either  left  or  right  control  station  or 

loaders,  power-drive  'emergency  stop  buttons,  and  at  the  director. 
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Figure*9-2i.  — 3"/&0  rapid-fire  gun  momt.  Sur- 
face controlman's  statioru 

AMMUNITION 

Thr3"/50  gun  fires  fixed  ammunitiqn*  A  coiji- 
plete  i%und  is  34.74  inches  long  and  weighs  24  " 
pounds^  (the  ^projectile,  with  fuze/  weighs  13 
pounds^.  Since  neither  the  mound  installation 
nor  the  associated  fire  control  system  included 
provisron  for  fuze  setting,  only  VT-fuzed  pro- 
jectiles are  used  in  AA  fire.  Base-fuzed  and 
point-detonating  fuzed  projectiles  for  ^surface 
fire  are  also  available, 

I 

PERSWINEL  * 

The. personnel  arrangement*  of  a  3 *'/50  rapid- 
fire  twin  mount  is  ,sliown  in  figure  5-23.-  The 
normar  crew  is  composed  of  11  men,  as  follows: 
a  mount  captain,  2  contrqi-station  men,  4  shell- 
men,  and  4  sliell  passers,  (One  contrpl-station 
m^n  controls  the  mount  in  local  surface,  the  other 
in  local  AA).  An  additional  creN\  member,  a 
4  '  -  '  3 


sightsetter,  is  required  in  local  surface  control. 
The  shellmen  transfer  ammunition  from  the  gun 
carriage  racks  to  the  right  and  left  sides  of  the 
hopper  of  each  gun.  The  shell  passers  keep  the 
carnage  racks,  called  magazines,  supplied  with 
ammunition'from  a  ready-service  locker  or  hand- 
passic^  scuttles  leading  up  from  the  handling 
rooms.  The  handling  rooms  are  supplied  by 
dredger  hoist  from  the  ship's  magazjiies.  The 
number  of  passers  may  vary,  depending  upon  the 
arraiigement  of  ready-service  lockers  and  pass- 
ing scuttles. 

5'^8  DP  GW  mount' 
Th6  5"/38  gun  i$  ope  of  the  most  widely  used 
naval  weapons  in  the 'fleet.  It  is  not  a  new  tie- 
sign,  Ixit  its  reliabilit}'  and  the  essential  sound- 
ness of  its  design  have  continued  its  usefulness^ 
into  a  day  ^^'hen  it  is  far  outranged  by  newer  wea- 
pons. Many  of  its  design  features  persist  in  the 
very  newest  gun  designs  in  the  fleet,  Ixit'on  the 
whole  it  can  be  considered  the  prototype  of  the 
"conventional  I'.S.  naval  gun."  It  is  the  weapon 
characteristically  used  with  linear- rate  fire  con- 
trol systems.  '  .  -  ^  • 

Ti\e  5"/38.gyn  appears  in  the  following  general 
types  of  mounts: 

>1.  Enclosed  t\vin  mount  with  am-nunition- 
handling  roonv  J^neath  the'  mount.  This  type  of 
moui¥t  is  a  standard  installation  onmany  cioiisers 
and  destroyers,  and  some  aircraft  carriers  (fig. 
•9r24).   .  • 

2.  Enclosed  single  mount  with  ammunition- 
handling  room  l>eneath  the  mount.  This  is  the 
old  standard  destroyer  type  mount.  It  >s  now 
found  on  many  minecraft  and  auxiliaries  (repair 
shipsi  cjestroyer  tenders,  etCr). 

3.  Open  single  •  mount  with  ,  ammunition- 
handling  room  beneath  the  mount.  This  mount  is 
uged  on  auxiliary  ships. 

.  4.  Open  single  mount  without  ammunition 
hoists  or  handling  room.  Because  mounts  of  this 
type  can  be  installed  without  extensive  recon- 
struction, it  *  is  \ise<^  on  converted  nierchant 
vessels  and  some  missile  cjTiisers. 

.Another  mount  similar  in  design  to  the  5"/38 
is  the  5"/54  (MKv39),  which  is  used  on  >Iidwaji 
class  aircraft  carriers.  It  has  a  longer  barrel 
and  an  amplidyne  all-electric  power  Sriveincon- 
trast  to  the  electric-hydraulic  ppwer  drive  used 
in  all  5"/38  mounts.  Do  not  confusfe  this  jnount 
With  the  automatic-loading  5"/54  (MK  42)  which 
is  covered  later  in  this  chapter. 

GENERAL  DESCRIPTION- OF  5"/38  MOi:NTS 

The,  5"/38  caliber  gun  is  a  semiautomatic, 
dual  puipose,  base- ring-mounted  gun  which  uses 
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Figure  9-22.  — 3"/50  rapid-fire  mount.    Sight  "setter's  controls  and 
surface  controlman's  sight. 
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separated  ammunition.  Its  principal  features 
are—  -  ^ 

1.  Vertical  sliding-wedge  breech  mechanism. 

2.  Hydraulic  recoil  and  hydropneumatic 
counterrecoil  systems. 

S.  Power-operated  rammer. 

4.  Power-operated  elevating  and  training 
gear. 

5.  Moveable-prism  telescopes; 

6.  Power -ope rated  fuze-setting  projectile 
hoist.  '  *  V 

7.  Power-operated  powder  hoist  on  all  twiil 
mounts  and  sonrie  singles. 


The  5**/38  mount  uses  separated  ammunition 
consisting  of  a  54 -pound projectile  (weight  varies 
somewhat  with  type  of  projectile)  and  case  assem- 
bly wei^ng  about  28  pounds,  which  includes  a  15- 
pound  powder  charge.  Ballistic  performance  ob- 
tained with  a  15- pound  service  charge  (full 
charge)  is  as  follows:  initial  velocity,  2,600  feet 
per  second;  maximum  horizontal  jrange,  18,000 
yards;  maximum  vertical  range,  37,300  feet. 
The  gun  is  capable  of  sustained  firing  at  a  rate 


well  in  Excess  of  any  which  can  be  attained  by 
the  loading  crew.  An  experienced  crew  can  load 
atout  15  ^rounds  per  minute  for  long  periods, 
and  may  attain  a  shoit-period  rate  Of  22  rounds 
per  minute.  t 

The  gun  has  a  radially  expanded,  steel  mono- 
bloc  barfel.  The  rifling  has^a  uniform  twist  of  l 
turn  in  30  calibers.  The  bore  is  chromium  plated 
from  the  forward  portionof  the  powder  chamber  to 
the  muzzle.  The  barrel  is  connected  to  the 
housing  by  a  bayonet  type  joint. 

The  housing  (fig.  9-25)  is  a  rectangular  block- 
shaped  .forging,  with  forward  portion  machined  to 
receive  the  barrel.  In  the  center  is  a  vertical 
well  for  the  breechblock;  and  to  its  rear  is  a 
trough- like  anmiunitlon- loading  tray.  The  housing 
contains  twin  interconnected  recoil  cylinders 
(groove  type)  and, a  single  counterrecoil  cylinder. 
The  housing  supports  and  locks  the  gun  in  the 
slide,  and  moves  on  the  slide  guides  during  recoil 
^d  counterrecoiU 

The  slide  is  a  large  box- shaped  weldpient,  open 
at  top  and  bottom,  within  which  thehousing  moves 
fn  recoil  arid  counterrecoil.  The  housing  is 
supported  and  guided  by  two  guide  rails  bolted  to 
the  inner  side  plates.  The  elevating  arc  and  the 
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Figure  9-23.  — 3' '/SO  rapid-fire  twin  mpunt.  Crew  stations. 
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Figure  9-24.  — 5"/38  twin  mount. 
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rammer  are  secured  to  the  slide.  Other  mount 
structure  detailc  resemble  those  described 
earlier  in  this  chapter. 

Other  Characteristic^  of  5"/38  Mounts  A 

AH  enclosed  mounts  are  housed  in  a  shield  of 
armor  plate.  The  shield  i>  a  t)Oxlike  structure 
that  provides  weather,  l>last,  and  splinter  pro- 
tection for  crew^  (figl  9-?4)^ 

Operating  personnel  enter  or  leave  the  mount 
through  doors  on  both^  sides  near  the  after  end. 
Other  doors  and  access  cover  plates  provide  for 
inspection  and  .repair,  A  roof  hatch  may  be 
located  near  the  after  end  of  the  gun  mount. 
Where-  necessary,  this  hatch  has  a  blast  hood. 


Sight  hoods  on  the  side  shield  plates  (twm  mounts 
only)  protect  the  three  sight  telescopes.  A  ven- 
tilation system  supplies  air  to  the  mount  and 
h^dling  room. 

Lights  in  the'* gun  and  handling  room  are 
energized  by  the  ship's  general  illumination 
'circuit,  which  also  Includes  outlets  for. battle 
lanterns,  window-wiper  motors  on  each  sight 
telescope,  and-  tte^  battle  illumination  system, 
whteh  energizes  small  lamps  at  all  mstruments 
and  controls.  " 

Gun  elevation,  gun  train,,  fuze  setting,  and 
sight  sejtting  synchro  signals  are  supplied  to  the 
indicator-regulators  in  the  mount  ^  fire  control, 
cjircuits  from  the  computer. 
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communication  facilities  in  5"/38  mounts  may 
include  jl)  a  voice  tube  between  gun  room  and 
upper  handling  room,  (2)  an  automatic  telephone 
in  the  ship's  general  communication  system, 
(3)  a  sound-powered  battle  phone  circuit  between 
mount  and  fire  control  stations,  (4)  an  auxilia^ry 
sound-powered  phone  circuit  with  call  bell  be- 
tween mount  and  lower  aramanition-handling 
room,  and.  (5)  a  loudspeaker  connected  to  the 
director  and  plotting  r6om, 

RECOIL" AND  CQl/NTERRECOIL  ^' 

*  When  a  round  is  fired,  the  burning  propellant 
develops  a  gas  pressure  in  the  gun  chamber  of 
sufficient  size  to  hurl  a  major  caliber  projectile 
several  miles.  As  the  pressure  in  the  chamber  is 
exerted,  equally  in  all  directions,  there  is,ti\e 
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Figure  9-25.  — 5-inch  housing  and  gun  (removed  from  ilide). 


same  tremendous  force  tendi'r^  to  move  the  gun 
barrel  assembly  tqthe  rear. 

If  the  gun  mount  were  held  rigidly,  without  re- 
coil, it  would  be  impractical  to  build  a'carriage 
strong  enough  to  withstand  these  firing  stresses 
without  ^breaking  or  overturning.  The  problem 
could  be  solved,  as  it  was  with  the  Revolutionary 
War  type'  cannon,  by  mounting  the  carriage  on 
wheels  and  Jettijig  the  entire  mount  be  thrown 
across  the  deck  at  each  discharge.  This  seriously 
affected  rate  of  fire,  of  course,  because  each 
timg  it'  was  necessary  to  haul  the  entire  mount 
back  into,  position  and  point  it.  before  firing 
again.  '  *  ^ 

The  problem,  then,  was  to  bring  carnage 
stresses  down  to  a  reasonable  value  and  to  ob- 
tain carriage  stability.  A  German  inventor  solved 
this  problem  in  1888,  and  by  1897,  the  French 
had  put  it  to  use  in  their  artillery.  The  resultant 


,nncrease  in  the  "French75's''rateof  fire  amount- 
ed to  a  revolution  in  oi^nanCe  and,  hy  the  end 
of  World  War  I,  all  natiOT?  were  forced  to  adopt 
the  new  recoil  system.  *       "  - 

Basically,  the  modern  recoil  system  is  a  sort 
of  cushion  put  between  the  gun  and  carriage, 
allowing  the  gun  tube  to  be  driven  reanvard^ 
^rough  a  limited,  controlled  distan^)e,  while  the  *t 
carriage  remains  stationary.  After  absorbing  the 
recoil  over  a  convenient  distance,  a  COUNTER-. 
RECOIL  system   returns  the   gun  to  battery. 

The  major  canipbnents  of  both  systems  are: 

1.  The  recoil  system  or  brake—  stops  recoil. 


COUNTERRECOIL 
CYLINDER 


COUNTERRECOIL 
PLUNGER 


RECOIL 
PISTON 
(FIXED) 


RECOIL  CYUNDER 
At^, THROTTLING 
GRODVES 


COUNTERRECOIL 
BUFFER 


2.  Counterrecoil  mechanism  — used  primari- 
ly to  return  the  gun  to  battery  and  hold  it 
there,  until  fired  again.  Also  ^assists  re- 
coil system  in  stopping  the  gun' in  recoif. 

3.  Counterrecoil  buffer-  i;educes  shock  on 
thq  gun  mount  assembly  as  the  gun  re- 
turns to  battery  at  the  end  of  counterrecoil.' 

The  recoil  brake  is  shown  in  a  simplified' 
schematic  in  figure  9-26.  There  ^re  many  vari-^ 
ations  of  the  recoil  brake,  but  the  stylized  ver- 
sion in  the  illustration  will  do  to  expfstin  the 
oaslc  principles  of  all  recoil  systems,  40mm  and 
larger.  Here  you  see'  a  hydraulic  mechanism 
known  sometim^es  as  a  dashpo^;it  has  a  piston 
and  a  cylinder.  The  eyljpji^  contains  liquid 
Which  can  nfiove  from  otTe  side  of  the  cylinder 
to"  the  other,  but  its  rate  of  movement  i^  throttled 
by  grooves  in  the  walls  of  the  cylinder.  The 
depth  of  the  grooves  is  variablift,  bei^;jeepest 
toward  the  center,  and  narrowin^^KmHe  ends. 

When  the  gun  is  fired,  Jhe  forwof  recoU 
pushes  the  housing  (and  the  recoil  cylinder)  to 
the  rear,  exerting  pressure  on  the  liquid  in  the 
forward  end  of  the  cylinder.  Tjie  cylinder  moves 
aft  but  is  subject  to  the  braking  action  ^of the 
hydraulic  fluid  as  it  isjorced  through  the  throttl- 
ing grooves. 

At  the  beginning  of  recoil  the  grooves  are 
computet ively  deep.  There  is^'littl^  resfttance 
to  rfecoil.  As  the  housing  moves  aft,  the  grooves 
become  shallower,  throttling  down  the  fluid  flow. 
TRe  .grooves  taper  down  until  they  disappear  at 
about  the  end  of  the  designed  length  of  recoil. 
^'  In  effect,  the  recoil  brake  converts  the  sudden 
destructive  force  of  recoil  to  a  powerful  but  con- 
trollable thrust  over  a  considerable  distance. 
Counterrecoil  systems  aredesigned  primarily  to 
return  the  recoiling  parts  to  their  *in-battery 
position  after  the  force  of  recoil  is  spent.' 
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Figure  9-26,  ~  Conventional  recoil  and  counter^ 
recoil  system  (simplified). 


There  are  t\vo  basic  types.  Guns  smaller  than 
5-inch  use  springs,  the  sprmg  is  wrapped  around 
the  gun  barrel,  one  end  resting  against  the 
stationary  slide.  A  collar  on  Uie  recoiling  barrel 
holds  the  other  encj^of  the  spring. 

-  The  spring  is  installed  under  a  high  initial 
pressure,  enough  to  hold  the  gun  in  battery.,at  all 
angles  of  elevation.  When  the  gun  fires  and 
r(^ils,  the  spring  is  compressed.  When  ^ the 
recoil  bi^i^e,  assisted  by  the  count ei recoil .^>^- 
tem,  brings  the  jcarwaid  moving  gun  to  a  st^^. 
the  spring  uses  its  stuied  up  eueigy  to  push  the 
gun  back  into  battery. 

The  othei  type  of  couuteiiecoil  &>  stein  j(u&ed 
on  guns  5-inch  and  larger)  is  the  hydropneumatic 
t)pe.  The  pneumatic  (ai^^^tof  the  mechanism  is 
used  to  pusS  the  gun  bj^^hto  battery,  xmd  the 
hydr9  (liquid)  part  of  tFie^ec!iariij>ni  is  uf>td  to 
keep  th^  air  from  leaking  out  oi  tht?  system. 

The  entire  mechanism  works  KKe  this. 

In  figure  9-27  >ou  bee  a  scn»:;niatic  of  the 
counterrecoil  cylinder  and  diffeienluil  cyiiuuti 
assemblies.  The  piston  is  stu^kirig  part  wa^  into 
an  air-charged  cylinder  of  the  housing.  As  tlie 
housing  recoils,  the  air  pressure  in  tlie  .cylinder 
is  compressed  and  becomes  greater  tharTnormal. 
This  is  because  the  amount,  of  space  in  the 
cylinder  is  decreased,  Ijeing  taken  up  by  more  of 
the  piston.  When  the  recoil  biake  stops  the  rear- 
ward movement  of  the  gun,  the  aii  intiie  countei- 
recoil  system  expands,  pushing  the' gun  b^ck  uito 
battery.  . 

To  seal  the  air  m  tlie  cylinder,  packings  are 
installed  around  the  countei  recoil  plunge* .  By 
themselves,  however,  the  packings  cannot  effec- 
tively prevent  leakage.  A    small  differential 
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cylinder  (fig.  9-27)  ,.aots  tp  tighten^ the  packing 
ev^n  more,  ' 

^  The  piston  ip  free  floating,  being  acted  upon 
by  air  pressure  tapped  from  the  counterrecoil  air 
cylinder  and  opposed  by  the  thrust  otthenoncom- 
pressibie  oil.  The  oil  side  .is  connected  to  the  * 
center  o{  the  chevronpackings  of  the  counterrecoil 
air  plunger.'      .  . 

Part  of  the  ar^a  of  the  oil  side  of  the  dif- 
ferential piston  head  is^cupied  by  the  end  of  the 
pfetpn  rod  and  cannot  receive  the  thrust  of  the 
trapped  oiU  whereas  the.  entire  area  jof  the  air 
sid^^  of  this  hgad  receives  the  thrust  of  the  trap- 
ped airV*  Therefore,  at  all  times,  the  pressure 
in  terms  of  pounds  per  square  inch  (psi)  on  the  oil  - 
side  will  be  gffeater  than  the  correspondiilgpres- 
sure,  in  psi,  oh  the  air  side. 
'  This  means,  that  whenever  recoil  action  raises 
the  ^ir  pressure,  the  unit  pressure  of  the  oil 
(and  of  .qourse  this  includes  oil  at  the  packing 
gland)  rises  proportionally  higher.  This  causes 
"the  pafiki|igs  to  inflate  and  prevents  leakage  of  the 
air.  l9Blso  means  that  if  there  is  any  leak-  , 
age,  irWIl  be  in  an  pil  leak, ^not  an  air  leak. 

As  thT  gun  is  forced  back  into  battery,  liquid 
in  the  recoil  cylinder  is.forced  throu^  the^throt- 
tling  grooves  as  the  piston  moves  *aft  (relative  to^ 
the  cylinder).  Even  with  this  partial  buffing 
effect,  the  counterrecoiling^^n  has  considerable 
mass,  and  the  shock  at  the  end  of  counterrecoil 
is  quite  appreciable.  The  counterrecoil  buffers, 
also  shown  in  figure  9-26,  are  designed  to  reduce  ' 
this  shocks 

The  buffer  is  part  of  the  recoiling  housing. 
When  the  gun- is  in  battery  (as  illustrated),  the 
buffer  is  in  a  mating  hole  drilled  into  the  recoil 
piston.  When  the  gun  recoils,  the  buffer  is 
^  drawn  real  ward.In  counterrecoil  the  buffer  moves 
forward,  entering  the  hole  in  the  recoil  piston* 
This  partially  traps  fluid  in  the  piston  which 
can  only  escape  th^^ough  narrow  passages.  This 
action  buffs  the  final  few  inches  of  counterrecoil. 

Differential  ^>iston  "  . 

In  figure  9-28  you  see  a  differential  piston 
rod  as  it  actually  looks  extending  through  the 
packing  gland  nut.  The  pistOn  is  housed  in  the 
differential  *  cylinder  located  '  underneath  the 
breech  housing.  The  position  of  the  piston  rod  in- 
dicates the  extent  of  the  oiUsupply  within  the 
cylinder.  When  the  piston  rod  is  extended  ^s 
shown  in  figure  9-28A,  the  supp^^  of  oil "  in  the 
cylinder  is  low.^In  this  case,  oil  should  be 
added  until  the  end  of  the  piston  rod  is  flush  with 
the  gland  nut  at  the  end  of  the  cylinder,  through 
\vhiQh  the  rod.  passes  (fig.  9-.28B).  This  position 


OlFFEREHTfAL  CYLINDER 


^    •  .  .  •  '  84.148 

Ffgure  9-27.  — Function  of  differential  piston  id 
hydropneumatic  counterrecoil  system. 

of  the  piston  rod  indicafes  that  the  correct 
amount  of  oil  is  being  maint^iined  within  the  cyl- 
inder. If  the  recoil  and  counterrecoil  systems 
are  properly  riifi^ntained,  the  gun  will  recoil  arid 
return  to  battery  in  less'  th^n  1  second.  Since 
the  spe^d  in  both  recoij  and  counterrecoil  is  so 
important  to  a  gun's  high  rate  of  fire  (how  fast 
the  gun  can  be  r,eturhed  to  battery  so  that  the 
next  round  cani)e  loaded),  a  thorough  understand- 
ing of  how  thege  systems  work  is  essential  if 
you  kre  to  keep  the  guns  punching,  and  punching 
fast,  against  the  enemy. 

-  RAMMER  AND  AMMUNITION 
HANDLING  CYCLE 

The  ramnier  is  a  semiautomatic  electric- 
hydraulic  unit^n  the  upper  rear  pa!rt  of  the  slide. 
A  7-l/2-hp  electric  motor  drives  a  pump  whose 
output  is  controlled  by  valves  to  operate  the  ram- 
mer piston.  The  piston  in  the  cylinder  is  mechan- 
ically linked  to  a  rubber-faced  rammer  spade 
which  moves  forward  along  the  loading  tray,  and 
to  tfye  rear  in  an  elevated  path  along  the  slide. 
The  cycle  Of  operation  is  a  follows: 

1.  Two  crewmen  (the  projectileman  and  pow- 
derman)  take  the  projectile  and  powder  case  out 
of  their  hoists  and  deposit  them  in  the  loading 
^  tray  in  the  slide.  ' 

2»  The  rammerman  depresses  a  'control  han- 
dle (fig.  .9-29A).  The  jammer  piston  forces  the 
rammer  spade  foi*ward  (arrow'  1)'  to  ram  the 
round  into  the  chamber.  ♦ 
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3.  When  the  breechoiock  closes  and  the  gun 
fires  and  recoils.  (arro\v  2  in  fig.  9-29B),  the 
rammer  spade  is  automatically  retracted  (arrow 
3)  along  an  upper  path  in  the  slide.  This  lifts  ^ 
the  spade  so  that  it  will  not  obstruct  the  ex- 
tracted cartridge  case's  path  (arrow  4,  fig. 
9-29C)  to  the  rear.  A  crewman  throws  the  fired 
case  out  of  the  mount  in  single  "mounts,  and  in 
twin  mounts  when  gun  elevation  exceeds  about  30 
degrees.  Except  for  these  considerations  case 
ejection  is  automatic. 

4.  The  gun  captain  prepares  for  the  next 
round  by  lowering  the  rammer  spade  to  ram 
position. 

Hoists 

Figure  9-24^  shows  a  conventional  type  ammu- 
nition' transport  installation  for  a  twin  5"/38 
mount.  In  this  arr ailment,  powder  cartridges 
are  manually  loaded  into  dredger  holste  which 
lift  them  to  the  upper  handling  room;  here  they 


figure  9-28.  -  Differential  piston  rod. 
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are  manually  removed  from  their  tanks  and  trans- 
ferred, to  -a^ powder  hoist  which  lifts  them  to  the 
gun  house.  In  the  gun  house  a  crewman  manually 
transfers  them  from  powder  hoist  to  gun  slide. 
Projectiles  typically  are  handled  similarly,  ex- 
cept that  they  are  not  stowed  in  tanks. 

The  powder  and  projectile  hoists  between  the 
handling  room  And  ti^e  gun  house  function  quite 
differently.  The  powder  hoist  (dredger  hoists 
are  similar  in  principle)  consists.fundamentally 
of  an  articulated  endless  -chain with  supports  or 
flights  secured  to  it  at  regular  intervals  (fig. 
9-30A).  Powder  cases  are  loaded  by  pushing  them 
into  the^hoist  in  the  path  of  the  flights;  when 
the  hoist  starts,  the  chain  is  driven  upward  until 
the  next  vacant  flight  is  in  loading  position. 
When  the  next  unit  is  loadfed,  the  hoist  goes  up 
orie  more  fli^t,  and  so  on.  The  Hoist  is  driven 
by  a  rotary  hydraulic  nriotor  whose  functioning 
is  controlled  by  valves. 

Endless-chain  hoists  generally  can  be  oper- 
ated in  reverse  to  lower  ammunition  atx)ard.  In 
either  mode  of  operation,  the  hoist  moves  one 
flight  at  a  time,  intermittently  in  the  same 
direction.  Only  one  side  of  the  .chain  is  u^ed. 

The  projectile  hoist,  in  contrast,  has  an  end- 
less Chain  in  which  both  sides  of  the  chain  are 
,used  (fig.  9-30B).  There  are  2  flights,  arranged 
so  that  when  one  is  at  the  top  of  the  hoist  on 
one  side,  the  other  is  at  the  bottom  of  the  hoist 
on  the  oth§r.  The  chain  runs  first  in  one  direction, 
thdn  the  other,  and  the  flights  always  move  from 
all  the  way  at  the  top  to  all  the  way  at  the 
botton?  (or  vice  versa),  as  in  the  oldtime  well 
with  2' oaken  buckets,  one  ofwhich  descended  while 
the  othter  went  up.  The  projectile  is  loaded  into 
one  side,  and  automatically^  the  hoist  starts  if 
the  top  is  empty.  As  the  loaded  flight  ascends, 
the  empty  comes  down.  The  cycle  reverses  for 
the  next  projectile. 

In  addition  to  hoisting  projectiles  (it  ig  never 
used  ,  for  lowering  them),  the  5-inch  projectile 
hoist,  also  sets  the  projectile  fuze  (when  a  pro- 
jectile with  time  fuze  is  loaded).  As  you  can 
see  in  figure  9-31,  the  projectile  hoist  has  three 
chains.  The  center  one  is  the  hoist  chain.  It 
*Tb  driven  by  a  hydraulic  motor  through  shafting 
that  rotates  a  sprocket  at  the  top  of  the  hoist. 
Each  of  the  other  two  chains  is  part  of  the  fuze- 
setting  Jiinkage.  They^  are,  positioned  by  the  fuze 
setter  indicator-regulator  which  is  controlled  by 
a  seryomechanlsm  in  the  fire  control  computer. 
Each  projectile  flight  has  a  small  sprocket  wheel 
which  engages  one  of  the  fuze-setting  chains.  As 
the  projectile  flight  is.holsted  t>y  the  hoist  chain, 
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Figure  9-29.  — 5* '/SS  mount.   Loading  and  ex^ 
^  '  traction  operations. 

< 

the  small  sp^Cket  wheel  "walks"  up  the  fuze- 
setting  chain.  This  rotafes  the  inner. sockerand 
the  spring  loaded  pawls  inside  t\}e  flight  (fig. 

*9-32A).  A  mechanical  time- fuzed  projectile  is 
manually  loaded  nose  down  in  the  projectile  flight 
in  Buch  a  way  that  the  fixed  lug  of  the  projectile 
fuze  (fig.  9-32B)  is  placed  into  the  V  sloUocated 
on  the  outer  socket  of  the  flight  (fig."  9-32A). 

,As  the  projectile  is  hoisted,  the  time  ring  lug 
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Figure  9-30.  — Principles  of  -5"/38  "hpisfs.  A. 
Powder  hoist.  B.  Projectile  hoist,  (fuze  set- 
ter not*  shown). 


on  the  fuze  is  rotated  by  the  inner  socket  ri^ig 
(fig.  9-32A).  This  adjusts  the  fuze  to  the  de- 
sired time  setting.  So  long  as  the  projectile 
remains  'in  the  hoist,  the  time  fuze,  setting  is 
continuously'  adjusted  by  the  fuze-setting  chain 
and  ring.  The  time  lapse  from  the  instant  the 
projectile  is  removed  from  the  hoist  (after  which 
its  fuze  adjustment  ceases)  until  it  Is  fired  is 
called  dead  time,  which  is  estimated  and  included 
in  the  fire  control  computation. 

This  discussion  of  amniunition  hoists  has  con- 
centrated on  twin  mounts,  which  are  the  most 
elaborately  equipped.  Somi?  single  5-inch  mounts 
are  equipped  with  one  powder  hoist  and  one  pro- 
jectile hoist  per  , mount*  Cither  single  5'*/38 
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mounts  may  haye  only  a  projectile  hoist,  plus 
(instead  of  a  powder  hoist)  a  deck  scuttle  thj'ou^ 
which  powder  cases  are  pushed  by  band.  Some 
auxiliaries  are  still  equipped  with  open  mounts 
with  similar  arrangements/  or  with  no  hoists  at 
all,  but  this  i^  not  the  normal  condition  aboard 
combat  vessels  In  the  active  fleet.  -  . 

Checking  Fuze  Settings 

The  mechanical  time  foze  shown  on  figure 
9-32B  has  a  fixed  index  (sFribe  mark)  \v1iich  i& 
used  for  setting  or  checking  the  fuze  setting. 
By**  matching  this  index  with  a  number  located  on 
the  time  ring  index,  you  can -check  the  setting  jon 
the  fuze  with  the  reading  on  the  fuze-setting 
indicator-regulator  dials  (fig.  9-33).  They-should 
correspond  if  the  fuzes  are  being  properly  set. In 
figure  9-33  you  can  see  that  both  readings  are  ihe 
same  and  read  20  seconds;  in  figure  9-32B'the 
reading  of  the  fuze  is  4P  seconds.  MDi^t  mechanical 
time  fuzes  can  be  set  from  0  to'45  seconds.  The 
time  ring  lug  on  the  fuze  (fig.  9-32B)  is -also 
used  to  set  the  fuze  manually  if  the  fuzesetling 
mechanism  is  down;  it  is  also  -used  to  set  the 
fuze  on  safe  by  matching  the  letter  S  on  the  time 
ring  index  with  the  4fcjed  index.  A  special  fu'ze 
getting  wrench  is  used  for  this  purpose, 

5"/54  GUN  MOUNT  MK  42 
MODS  3,  4,  7,  AND  8  y 

With  the  coming  of  jet  aircraft,  it  has  been 
^necessary  to  develop  a  reliable  AA  gun  with  in- 
creased tracking  and  firing  rates.  The'6'*/54 
Gun  MoUnt  Mk  42  has  proven  to  be  a  reliable  and 
efficient  Weapoif  gainst  high  speed  aircraft. 

The  5-inch  mount  Mk  42  (fig.  9-34)  is  a  shieldr 
ed  dualrpurpose,  siiigle-gun  mount  with  an  auto- 
matic firing  rate  of  approximately  40  rounds  per  ^ 
minute.  The  gun  is  .trained  and  elevated  (laid)  * 
by  separate  electrically  controlled,  hydraulically 
operated  power  drives.  Ammunition  is  served  by 
all  automatic,  dual-hbist  gun  loading  system  wiiich 
is  hydraulically  operated  and  electrically  con- 
trolled. 


The  gun  mount  consists  of  the  followii^  main 
compon^ts: 


1.  Gun  assembly; 

2.  Slide  assembly; 

3.  Gun  loadtiig  system?  and 

4.  Gun  laying  system. 


The  gun  mount  also  contains  the  following 
auxiliary  systems: 

1.  Sprinkling  systems; 

2.  Electrical  system;  and 

3.  Heating,  lifting,  communication,  and  ven- 
*tiIation  systems. 

Basically,  the  gun  and  slide  assemblies  are 
standard,  except  that  the  breechblock  and  extrac- 
tors are  hydraulically  operated.  The  6*»/54  gun  is 
unique.  In  that  roller  bearings  support  the  gun 
housing  during  recoil  and  counterrecoil. 

RECOIL  AND  COUNTERRECOIL  SYSTEMS 

The  gun  recoil  and  counterrecoil  systems  are 
conventional,  except  that  the  location  of  the  re- 
coil pistons  is  changed,  and  the  counterrecoil 
system  differs  in  that  two  air  chambers  are  used. 
The  counterrecoil  system  also  is  so  arranged  that 
the  differential  and  air  chamber  .cylinder  are 
mounted  to  the  slide,  and  the  ^piston  rods  bear 
against  the  after  edge  of  the  gun's  main  housing,  ^ 

GUN  LOADING  SYSTEM 

The  gun  loading  system  (fig.  9-35)  extends  up- 
ward throu^  the  ship,  from  the  ammunition  hand- 
ling room  (near  the  magazine)  to  the  motint  gun 
room.  This  loading  system  consists  of  a  dual 
set  of  units  v/hlch  automatically  serv^  rounds  of 
separated'*  ammunition  to  the  gun  from  both  sides 
of  the  slide. 

The  following  is  a  brief  description  of  haw 
ammunition  moves  from  the  ammunition  handling 
room  up  through  the  loading  system,  utilizing  the 
following  units  of  equipment: 

1;  Loaders— Rounds  Of  separated  ammunition 
are  manually  loaded  into  the  loaders  (drums  that 
automatically  feed  the  lower  hoist). 

2.  Lower  Hoists— The  rounds  are  automati- 
cally fed  from  the  lower  hqists,  which  raise  each 
rbund  to  the  carriers  (on  Mods  3  and  4)  pr  to  the 
transfer  station  (on  Mods  7  and  8)  which  posi- 
tions the  round  into  the  carrier. 

3.  Carriers— The^^ounds  of  ammunition  are 
transferred  from  the  stationary  lower  hoists  to  the 
rotatable  upper  hoists,  located  on  the  rotating 
structure  of  the  gun  mount,  by  the  carriers, 

4.  Tapper,  hoists— The  rounds  iire  alternately  ' 
raised  from  the  carriers  to,  the  cradles  by  tiie 
uppBr  hoists, 

5.  Cradles— The  rounds  are  transferred  from 
the  upper  hoists  to  the  transfer  trays,  located 
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HOIST  CHAIN* 


FUZE-SETTER 
CHAIN 


V  SLOT 
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TIME  RING  LUG       OF  PROJECTILE 


OUTER 
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INNER 
SOCKET 


FIXED 
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B 


Figure  9-32;— Fuze-setting  mechanism,  5"/38  caUber  gun,  A.  Pitjjec- 
'  "    ^.  .tile  fUgiit.  B.  Fuze; 
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on  each  side  slide,  by  the  cradles  which  / 

alternately  swing  upward,  ' 

6,  Transfer  trays  — The  rounds  areieldytnthe 
transfer  trays  while  the  projectile  fiizes  are  set 
(on  mechanical  time-fuzed  projectiles  only).  The 


Figure  9-33.— j^ecking  fnzb  settings. 
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transfer  trays  then  lower  the  rounds  to,  the  ram- 
ming; position,  in  line  with  gim  chamber. 

7.  Jlammers — Rounds  are  rammed  into  the 
gun  chamber  by  the  rammer  spgide  which  ex- 
tends throu^  the  transfer  trajrs. 

After  gun  fires  and  'breech  is  opened^  the 
extractor  catapults  empty  powder  case  rearward 
into  the  empty  case  tray.  This  tray  then  lowers 
the  ejqjended  case  into  the  empty  case  ejector 
which  ejects  case  from  mount. 

To  facilitate  understanding,  gun  loading  sys- 
tems in  this  manual  are  divided  into  three  groups: 

J.  Lower  gun  loading  system. 

2.  Upper  gun  loading  systenu 

3.  Intermediate  section  (anmiunition  carrier). 

The  lower  gun  loading  system  includes  the 
loader  drums  and  lower  hoists  (fig.  9-35),  three 
hydraulic  power  units,  and  the  control  equipment 
necessary  for.  theit  operation,  Thi6  portion  of 
the  gun  mount  assembly  -is  also  referred  to  as 
stationary,  or  ndiirotating  gun  mount  components 
(fig.  9-36).  • 
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Figure  9-34.— Rig^it  front  view,  5-inch  shield 
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The  upper  gunloadingsystem  consists  of  upper 
ammunition  hoists,  transfer  trays,  rammer^ 
empty  case  tray,  empty  case  ejector,  and  fuze 
setters  (fig.  9-35).  All  upper  gun  loading  system 
^components  are  part  of  the  rotating  gun  mount 
assembly  and  move  with  tiie  mount  when>tfce  gun 
trains  (fig,  9-36),  — 

•  The  intermediate  section  (carrier)  transfers 
rounds  of  ammunltiofTfrom  fixed  lower  hoists  to 
the  rotatable  upper  hoists.  In  so  doing,  the 
carrier  acts  as  an  independent  transferring  mech- 
anism between  the  stationary  gun  mount  assem- 
blies Gower  gun  loading  system)  and  the  rotatable 
gun  mount  assemblies  (upper  gun  loading  system). 
Physically  the  carrier  is  part  of  the  carriage 
and^  receives  its  hydraulic  power  from  the  upper 
gun  loading  system  supply. 

DESIGN  DIFFERENCES 


All  mods  of  the  mount  have  the  same  basic 
desijm.  The  only  major  difference  in  the  mount 
in^feSations  is  the  design  of  the  lower  an^oiuni- 

330 


tlon  hoists  and  the  ammunition  carrier.  In  tiie 
Mods  3-4  mounts,  the  lower  hoists  and  carrier  are 
completely  different  from  those  installed  in  the 
Mods  7-8  mounts.  The  difference  is  clearly 
illustrated  in  figures  9-36  and  9-37. 

Lower  Hoists  and  Carrier 
in  Mods  3-4  Mounts 

In  the  Mods  3-4  mounts  (fig.  9.-36),  the  lower 
hoists  are  straigjit  and  terminate  directly  under 
the  tubes  of  the  ammunition  carrier.  These  hoists 
are  cycled  by  control  units  that  are  operate^  by 
hydraulic  pressure  from  an  accumulator  system. 
The  hoist  cycles  are  initiated  by  solenoid  actions 
in  the  control  units. 

In  this  hoist  design,  the  rounds  contained  by, 
the  hoists  move  directly  upward  from  the  tops  of 
the  hoist  tubes  into  the  carrier  tubes.  When  th^ 
carrier  is  loaded,  it  rotates  to  the  upper  hoists 
where  the  carrier  ejectors  transfer  the  rounds 
from  the  carrier  tubes  to  the  upper  hoists  |;beq. 
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Lofwer  Hoists  and  Carrier  ^  " 

in  Mods  7-8  Mounts 

In  the  Mods  7^8  mounts  (fig.  9-37),  some  of 
the  lower  hoists  are  curved  and  some  are  straight, 
but  each  hoist  has  two  ammunition  handling  tubes,' 
(one  for  hoisting,  one  for  strikedown,  the  strike- 
down  tubes  are  still  in  place  but  have  been  deacti- 
vated) and  is  operated  by  an  electrically  driven 
hydraulic  power  transmission  which  is  stroked  by 
a  hydraulic  servomechanism  installed  in  a 
solenoid-operated  control  unit. 


LEFT  FUZF  SETTER 


In  this  design,  the  hoist'tubes  are  capped  by 
transfer  .tubes  which  a^  located  alongside  the 
carrier  tubes.  The  transfer  tubes  are  units  of 
the  lower  hoists  and  are  operated  by  hydraulic 
pressure  from  an  accumulator  system. 

When  the  hoists  are  eyelid,  the  roimds  in  the 
hoist  tubes  are  elevated  into  the  transfer  tubes. 
From  there  they  are  ejected  laterally  into  the 
opposing  carrier  tubes.  The  transfer  tube  ejec-  . 
tors  then  retract  so  that  they  will  be  in  position 
to  receive  another  pair  of  rounds  from  the  lower 
hoists,  and  the  carrier  tube  .  ejectors  close 
over  the  rounds  in  the  carrier  tubes.  The  carrier 
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Figure-  9-35.- Ammunition  handlers  load  A  and  B  loaders 
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thea  rotates  to  the  upptjr  hoiSts  where  the  earner 
ejectors  transfer  the  rounds  from  the  carrier 
tubes  to  the  upper  hoist  tubes. 

The  ^curved  lower  hoists  are  installed  in 
mounts  where  the  handling  rooms  are  notjocated 
directly  below  the  carrier  rooms.  This  condition 
exists  in*  all.  of  the  mounts  in  the  CVA-class 
veefeels  and  in  the  mount  in  the  DLG-class  ves- 
sels. 

The  curve  in  the  hoists  of  the  forward  DLG 
mount  is  very  slight.  In  the  CVA  mounts,  however,' 
all  of  the  hoists  curve  through  two  90-degree 
angles  and  consist  of  vertical,  curved,  and  hori- 
zontal tube  sections. 

Minor  Differences  in  Mount  Design 

Because  of  the  variation  in  the  vertical  dis- 
tance between  the  handling  room  and  carrier  room 
in  different  mount  installations,  the  height  of 
the  lower  hoijsfs  differs  from  mount  to  mount. 

All  mods  of  the  mount  have  maximum  gun 
elevatjion  angles  of  85  degrees  and,  with  the  ex- 
ception of  the  CVA  mounts,  have  720  degrees  of 
training  freedom  (360  degrees  in  either  direction 
from  the  stowed  position-of  the  mount). 

Maximum  angles  of  gun  depression  vary  in  dif- 
ferent mounts  from  7.5  degrees  to  15  degrees, 
as  determined  by  structural  characteristics  of  the 
vessel, 

« 

GUN  LAYING  SYSTEM 

The  mount  itself  can  be  operated  in  either  re- 
mote or  local  control.  No  provision  is  made  for 
hand-powered  operation.  Manually  operated  hand 
cranks  are  connected  to  the  trscining  and  elevating 
gears.  This  mode  of  opejfation  is  only  used  for 
maintenance,  stowing  purposes,  and  for  use  in 
connection  with  certain  mount  and  gun  alignment 
procedures'  involved  in  the  installatign  of  the 

'tirain  and  elevation  receiver- regulators. 

The  trainlnjg  and  elevating  gear  assemblies  are 
electrically  controlled,  hydraulically  operated 
power  drives  that  accurately  position  the  mount 
and  gun  in  response  to  electrical  gun  train  and 
gun  elevation  orders.  These  orders  can  be  applied 
to  the  train  and  elevation  receiver-regulators 
from  remote  fire  control  stations  or  from  the 
one-man  control  unit  operated  by  the  local  control 
msm  in  the  mount*  /  ^ 

The  training  gear  assembly  consists  of  a  train- 
ing gear,  a  power  drive,  and  a  receiver-regulator. 
The  receiver-regulator  converts  the  electrical 
gun  train  order  signals  into  ,hydraulic  control 

*  inputs  to^the  power  drive,  which  is  an  electrically 


driven,  hydraulic  power  transmission.  The  output 
shaft  of  the  pov^  drive  turns  the  training 
pinion,  which  driv^  the  mount  In  train. 

The  elevating  gear  assembly  consist  of  an  ele- 
vating gear,  a  power  drive,  a  receiver-regulator, 
and  a  firing  cutout.  The  receiver-regulator  con- 
verts^to  electrical  gun  elevation  order  signals 
into  h^ip^aulic  control  signals  and  applies  them 
to  the  power  drive,  the  driye  turns  the  elevating 
pinion,  £uid  the  pinion  elevates  or  depriesses  the 
guni 

Both  the  trainir^  and  the  elevating  gear  assem- 
blies are  equipped  with  limit  stop  mechanisms. 
In  the  train  receiver-regulator,  the  stop  mech- 
ansim  decelerates  and  stops  the  train  drive  as. 
the  mount  ^preaches  and  reaches  its  limits  of 
operation  in  either  direction,  of  train.  The  limit 
stop  mechanism  in  the  elevation  receiver- 
regulator  braJies  the  gun  to  a  stop  as  it  reaches  its 
limits  of  travel  in  elevation  or  depression. 

The  .firing  cutout  is  connected  by  response 
gearing  to  the  training  and  elevating  pinion  drive 
shafts,  and  operates  switches  in  the  firing  cir- 
cuit to  prevent  firing  wlien  the  gun  is  pointed  into 
a  danger  sector,  V 

PERSONNEL 

.The  gun  loading  system  and  gun  laying  systems, 
are  separately  cohtrolled,  and  either  system  can 
be  independently  operated.  Responsibility  for 
control  of  the  gun  loading  system  is  primarily 
delegated  to  the  gun  captain  and  the  loader  control 
man,  v^ile  control  of  th6  gun  layii^^ystemis  the 
responsibility  of  the  mount  captain  and  the  local 
control  nmn.  Duties  of  the  carrier  control  nian 
are  divided  between  the  two  systems.  The  dufies 
of  a.  gun  crew  for  the  5**/54  are  described  below 
(less  ammunition  handlers).  Figure  9-38  illus- 
trates the  positions  of  the  gun  room  crew  and  the 
control  panels  under  their  control, 

MOUNT  CAPTAIN  -  The  mount  captain  is  the 
senior  man  in  the  mount  and  is  stationed  at  control 
panel  'P3  in  the  left  rear  of  the  gunhouse.  He 
is  in  charge  of  the  entire  mount  crew  and  receives 
all  mount  operation  orders  from  ship  fire  control 
station  via  the  JP  telephone  circuit.  The  mouht 
captain  communicates  with  the  local  control  man 
over  the  JP  telephone  circuit  and  transniits  mount 
activation,  operation^  and  deactivation  orders  to 
the  gun  captain  and  mount  crew  (except  local  con- 
trol man)  over  the  X17J  telephone  circuit. 

The  mountcaptoin's  duties  and  responsibilities 
extend  to  the  operation  of  train  and  elevg^tion 
securing  pins,  controlling  the  method  of  mount 
operation,  controlling  operation  of  the  train  and 
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elevation  motors  through  switches  on  thtJ  P3 
control  panel,  and  operating  the  heating,  ventilat- 
ing, and  lifting  systems  in  the  gurihoustJ  through 
controls  on'^he  control  panel  P8. 

In  addition,  the  mount  captain  supervises 
indoctrination,  training,  and  performance  of  the 
mount  crew,  and  isresponsiblefor  ttieobservance 
of  all  mount  safety  precautions.  He  also  opens 
and  closes  the  breechblock  inmisfire procedures, 
operates  the  breech  sprinkling  system,  and  he  may 
operate  the  ,sightsetting  transmitters  in  the  P3 
control  panel  in  accordance  with  telephoned  in- 
structions. 

LEFT  LOCAL  CONTROL  MAN -The  local 
control  man  is  stationed  at  the  left  local  control 
station  as  shown  in  figure  9-38.  He  operates  the 
left  one  man  control  unit,  left  telescope,  control 
panel  P6,  and  auxiliary  control  panel  P9,  When 
ordered  by  the  mount  captain,  he  synchronizes 
the  mount  in  train  and  elevation. 

The  left  local  control  man  also  serves  as  a 
safety  observer  except  whe:n  actively  engaged  in 
local  control  or  local  f^u^ng,  operates  the  sl^t- 
settjng  transmitters  in  the  P6  control  panel  when 
ordered  to  set  sighte,  by  the  mount  captain  and, 
on  command,  monitCw^  the  firing  key  during  local 
firing.  ^.  , 

GUN  CAPTAIN  — The  gun  captain  is  stationed 
at  .the  control  panel  P4  in  the  right  rear  comer 
of  the  gunhouse  (fig.  9-38).  iHe  is  in  cha^rge  of 
the  gun  loading  crew,  and  is  directly  responsible 
to  the  mount  captain.  > 

The  gun  captain  has,  perhaps,  more  varied 
duties  and ,  responsibilities  than  anyone  in  the 
gun  crew.  He  receives  all  gun  loading  orders  ■ 
from  the  mount  captain,  transmits  gun  loading 
system  ,  activation,  operation,  and  deactivation^ 
ordters  to  the  gun  loading  crew,  releases  or  , 
secures  the  safety  link,  controls  the  method  of 
gun  loading  system  (whether  the  gun  is  loaded 
from  both  sides  through  dualhoist  system,  or  from 
one  side  through  single  hcffet  arrangement,  and 
whether  or  *not  fuzes  are  to  be  set)  through 
switches  on  control  panel  P4,  and  directs  the  gun 
loading  crew  in  required  equipment  checks  be- 
fore starting  power  operation  of  the  gun  loading 
system* 

controls  operation  of  the  loader,  lower 
hoist,  upper  gun  loading  motors,  and  gun  loadir^ 
system  in  manual  or  power,  operatljp  throu^ 
switches  on  the  control  panel  P4. 

The  gun  captain  checks  the  movenPiCnt  of 
ammunition  through  the  gun  loa.ding  system  by 
means  of  indicating  lights  on  contrpl  panel  P4, 
checks  gun  loading  units  on  the  slide  for  proper 
operation  and  safe  performance  at  all  times. 


inU  ftops  o^Jt'tation  qi  the  gun  loading  system 
in  the  event  of  malfunction  or  casualty. 

In  addition,  he  oiganizes  and  supervises  the 
procedures  used  to  clear  a  gun  in  case  of  mis- 
fire, removes  tiie  misfired  case  from  the  breech 
and  loads  the  clearing  charge,  operates  the  star 
shell  spread  knob  onthe  train  receiver-regulator^'"* 
inserting  spread  values  into  gun  train  order  on* 
instructions  received  from  the  mount  captain,  and 
operates  &ie  sprinkling  station  A  in  the  gun7 
house   (and  station  C   in  mounts  Mods  3-4). 

CARRIER  ROOM  CONTROL  MAN  — The  car- 
rier room  control  man  is  stationed  in  the  carrier  . 
room  between  the  control  panels  Pi  and  P2. 
He  controls  the  mount  power  supply  system  from 
the  Pi  and  P2  panels.  Lights  on  the  PI  panel 
indicate  when  power  is  available  to  the  system, 
and  when  motors  arQ.  running  ori  the  gun  mount. 
The  P2  panel  houses  amplifiers  for  the  fuze 
setitrs,  parallax  systems,'  and  train  and  eleva-  , 
u£n  power  drives.  On  the  face  of  this  panel  are 
switches  and  li^t  arrangements  that  function  as 
111  means  of  communication  between  gun  captain 
and  the  carrier  room  control  man.  He  also 
^operates  C-  and  D-lower  ammunition  hoists 
vhen  in  local  operation,  and  shifts  the' carrier 
upper  "hoist  to.  one-side  operation  when 
directed  by  the  'gun  captain. 

LOADER  CONTROL  MAN  — The  loacler  con- 
trol, man  is  in  charge  of  th^  handling  room  crew 
and  ammunition  handling  room  equipment.  He 
controls  the  loader  drums  by  means  of  switches 
on  the  P5  panel  (located  between  the  A  and  B 
loader  drums)  when  the  loaders  are  being 
operate'd  in  the  manual  power  mode.  This  panel 
*  enables  the  loader  control  man,  with  permission 
from  the  gun  captain,  to  operate  the  loader 
drums  in  manual  power  operation.  Normally, 
manual  power  operation  (manual  switch- 
controlled  power  cycles)  is  used  during  loading, 
unloading,  exercising,  or  testing  of  the  loader 
drums.  The  loader  room  control  man  also 
,  corrects  malfunctions  and  casualties  when 
directed  by  the  gun  captain,  supervises  indoctri- 
nation, training,  and  performance  of  handling 
room  crew,  and  operates  sprinkling  station  D  in^ 
the  handling  room. 

Onjs  Side  Operation 

The  gun  captain  can  select  for  one-side  auto- 
,  matic  power  operation  of  the  loading  system  when 
a  casualty  occurs  to  some  units  of  the  loading 
system.  The  procedures  necessary  for  one-side' 
operation  vary  with  which  unit  of  the  loading  sys- 
^  tem  is  inoperative.  Depending  upon  the  nature  of 
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Figure  9-38.— Gun  room  stations  and  control  panels. 
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the  casualty  the  gun  captain  can  -deactivate  one 
side  of  th(9  gun  loading  system  or  instruct  the 
carrier  room  control  jnan  to  mechanically  dgac- 
tivatq  the  malfunctioning  unit.  One  side  operar 
tion  (Using  one  hoist)  will  reduce  the  gun  rate  of 
fire  to.  20  rounds  per  minute. 

One  adsrantage  of  the.  gun  loading  lystem 
employed  with  "the  5*  V54  gun  mount  is  that  once 
the  loader  drums  are  loaded,  the  ammunition 
l\andling  crew  need  not  be  on  station  for  automatic 
gun  firing  operation.  This  enables  a  ship*s  weapon 
system  to  function  during  a  conditionof  readiness 
^wlth  a  minimum  amount  of  personnel.  The  ammu- 
nition handling  crew  which  coftsists  of  four  powder 
men  and  four  projectile  men  can  be  utilized  for 
other  duties  in  the  event  of  personnel  casualties. 


The  ammunition  handling  crew  are  needed  only  to 
replenish  the  40  rounds  of  ammunition  loaded 
into  the  loader  drums  after  a  firing  mission, 
or  they'  can  be  left  at  their  station  if  more 
than  40  rouilds  are  to  be  used. 


5'»/54  MK  42  MOD  9 

This  mount  is  designed  for  the  main  gun 
biattery  of  DE  1052  class  ships  and  is  used  as  a 
tactical  weapon  against  surface,  shore,  and  air 
targets.  The  major  .changes  between  the  5**/54 
Mod  9  and  the  mods  3,  4,  7,^and  8  are  in  the 
train  and  elevation  receiver- regulators,  the  fuze 
setters,  and  the  electrical  control  system.  The 
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objective  of  this  type  mount  design  is  to  increase 
reliability!  and  improve  maintainability  where 
possible  and  to  incorporate  features  which  would 
reduce  the  weight  of  the  mount  without  degrading 
performance. 

The  design-char^es  tothereceiver-Jtggulators. 
greatly  improve  reliability- and  maintainability, 
and  reduce  equipment  weighl  by  eliminating  the 
large  and  complex  valve  block  required  in  the 
present  design  of  the  Mods  3,  4,  7,  and  8.  These 
design  changes  employ  an  electrohydraulic  servo 
valve  contlol  system,  which  is  easily  inte^hange- 
able  between  train  and  elevation  s> stems.  These 
interchangeable  features  are  accomplished  by 
the  use  of  solid  state  amplifiers,^  and  evolye 
directly  from  the  general  concept  in  design  of 
some  type  of  missile^  launching  systems. 

FUZE  SETTER  CHANGES 

The  fuze  setters  are  substantially  lighter  in 
weight  than  those  used  in  the  Mods  3,  4,' 7,  and  8 
mounts.  They  contain  fewey:  movingparts, employ 
solid  state  amplifiers,  and  operate  with  greater 
acctiracy.  The  reductions  in  weight  which  result 
from. the  redesign  uf  the  fuze  setter  and  its  asso- 
ciated amplifiers  are  as  follows:  the  new  fuze 
setter  unit  weighs  36  pounds,  where  the  old  unit 
weighed  3l7  pounds;  the  weight  of  the  fuze  setting 

^  amgjffiers  has  change^  from  J 15  pounds  to  17 

'^'^'poun^js. 

*\V*c6jstrol"system  changes* 

The  electrical  control  system  of  thg gun  mount 
,Jias  been  completel>  redesigned.^  The  mount  cap- 
tain's r-3  panel  and  the  gun  caprtin*s  P-4  panel 
havV  been  eliminatejd..  One  control  panel  (EP-2),,' 
locaSed  in  the  carrier  rx5om,  contains  ajl controls 

-r  previously  erfibodied  in  the  P-3  and  P**4  panels 
(fig.  9-39).  The.  number  of  on-mount  personnel  has- 
also  been  reduced,  due  to  two  features  of  gun 

'    mount  design  being  changed  or  eliminated  witnin 

;  the  gun  hou$e.  Tke  right  hari*d  local  control  sta- 
tion has  *been  eliminated,  and,  the  mount  captain 

\    station  has  b^en  changed  from  the  gunjious^;^  the 

^  carrier  room.  ^  . 

PERSONNEL  .     •    ,  ^ 

^The  ^H^^.  Mount  Control  System  Mk  114  Mod 
Cte  the  fnount  electrical  network  which  enables 
*the  gun  crew  to  contiol  and  monitor  the  operation 
of  the  gua/TTiount.  It  corfeists  of  one  power  panel, 
foilr  Qontrol  panels,  and  two  separately  rpounted 
rotary  'switches.^  Th.e  panels  are  designated  EPl 
through  EPS;  the  switches  are  safety"  switches 


and  designated  SMX14-and  SMX17.  The  crew 
members  that  control  mount  operations  consist 
pf  a  mount  captain,  an  assistant  mount  captairf 
.,,j^MC  operator),  a  gun  captain,  and  loader  safety 
Observer,  f ' 

Mount  Captain  *    *  . 

The  mount  captain  supervises  the  entire  mount 
crew  and  is  responsible  to  the  ship's'  weapons 
officer.  He  is  stationed  at  the  EP2  panel  located 
in  the  carrier^room  and  controls  the  fttiethod  of 
mount  operation  through  selector  switches  on  the 
f:P2  paneK  He  also  controls  power  distribution  to 
the  gun  mount  components  bypositior^^ngswitchels 
on  the  EPl  parjel.  The  EPl  panel  located  i;i  the 
carrier-  room  (fig.  9-39)  is  thfe  main  distribution* 
^  point  for  electrical  go^r  to'the  gun  mount.  The 
panel  contains  poweij^fbtritaitidn  lines,  circuit 
..breakers,  contactors,'  .overload  relays,  manual 
switches,  and  indicating  lamps  which  control^and 
monitor  power  distribution.  Tl\e  EP2  panel  is  the 
principal  6perational  control  point  for  ^n  niount 
operation.  It  contains  selector  switches,  push- 
button switches,  indicating  lights,  train  and  eleva- 
tion control  and  sight  setting  dials,  and  a  firing 
safety  switch.  The  mount  captain  uses  the  EP2 
panel  to  select  the  xno^e  of  operation  desired  to 
.either  fire,  check  out,'  or  exercise  gun  mount 
components.^  There  are  three  modes  of  operation 
which  are  used  fof^gun  mount  activation:, 

AUTO-LOAD  MODE  — is  the  sequential  elec- 
trical, hydraulic,  and  mechanical  operat4<}n  of 
system  components,  WTien  auto- load  is  selected, 
the  mount  moves  rounds  from  the  loaders  to  the 
gyn  without  furtjier  manual  switching. 

STEP-Lt>AD  MODE —  Is  the  sequential  opera- 
tion of  system  components  initiated  by  Individual / 
m^anual  switching  actions  at  the  EP2  panel.  This 
'^^ndividual  switching  moves  ammunition  through 
the  gun  loading  system  and  isusedasfen  auxiliary 
mode  of  operation  if  auto-load  circuitry  Is , 
■  inoperative^  Step-load  Is  also  use^to  check  out 
,  individual   gun  loading  coinpo^its  from  the 
.  loader  drum^  to  the  empty  case  eJIectOr. 

V-  STEP-EXERCISE  MODE  — Is  used  to  check  the 
operation  of  individual , components  without  roun§ 
of  amnw^ition  within  the  system.  The  gun  load 
components  operate  much  as  they  do  in  step- 
load  and  require  manual  selection  to,  imitate  each 
individual  cycle.  In  this  niode  of  operation  the 
entire  loading  systen^an  be  checked  without 
the  use  o^  ammunition,  eliminating  thp  job  of 
carrying  munds  of  ammunition  from  gun  mount 
components  bacH  down  to  the  magazine. 
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JFigure  9-39.  —  Gun  mount  control  panels. 


.Aoolotant,  Mount  Captain 

The  assistant  mount  captain  serves  as  safety^ 
observer  and  is  statione(J,  in  the  OMC  statipn 
(fig.  9*33).  He  controls  the  mount  in  local  tracking 
control,  operates  switches  on  the  EP4  panel  and 
can  relieve  the  mount  captain  under  prolonged 
standby  conditions.  The  EP4  panel  is  located  on 
the  ^right  side  of  the.  OMQ  station  "and  contains 
indicating  dials,  lights,  atid^^manual  switches 
.operated'  by  the  assisfaj^t  mount  captain^  This 
panel  selects  the  sight  setting  source  >hen  in 
local  control  and  contains  elevation  and  train 
position  indicating  dials. 

Gun  Captain^ 

The  gun  captain  is  stationedpn*the  ririit  side 
of  the  gun  house.  He  observes  the  operation  of 
miipment  vyithiii  tliC  gun  house  and  reports  any 
T^tfunctioris  to  the  mount  captain.  *He  can  stog  the 


gun  loa^Bg  opei;ations  by  safety  switch  SMX17 
in  the  evenP^  a  casualty;  lie  operates  EP3  panel 
and  supervises  manual  loading  of  illumlnaCing 
projectiles  ahd  the  unloading  of  the  transfer  tray 
after  firing.  .The  EP3  panel,  locatefl  in  the  gun 
house,  contains  switches  \^ich  control  the  heat- 
ingr&gMii^i  ventilating  ana  antSicing  systems  of 
the  gun^moimt.  The  gun  captain's  s^ety  switch 
SMX17,  located  on  the  cra^e  guide  arc  support 
(fig.  9-39),  is  a  manual  safety  ewitch  with  four 
.^posttipns.  Figure  9-40  shows  the  switch  positions. 
The  handle  of  SMX17  can  be  removed  v/hi\&  in 
the.  Safe  Emergency  Stop  position,  preventing  ^ 
operation  of  the  upper  gun  system. 

lb 

Loader  Safety  Observer 

The  loaSe/^'safety  observer  is  stationed  at 
safety  switch  SMX14,  located  in  the  ammunition, 
handling  room  (fig.  9-39).  He  is  in  charge  of/ 
the  handling  room  crew  £md  receives  loading  in- 
structions from  the  mount  captain  throu^  tele- 
phone circuits.  The  loa^ler  safety  switch  SMX14 
is  positioned  to  stop*  (fig.  9-40)  by  the  loader 
safety  ^observer  in  the  eventof  unsafe  or  improper 
operation  of  the  lower  gun  loading  system. 

LOAD  TO  FIRE  SEQUE^ICE         \  -  ^ 

Gun  loading  systems  employed  in  the  5*V54 
,Mk  42  gun  mounts  differ  in  that  the  Mods  7 
and  8  gun  mounts  use  transfer  tubes  to  eject 
rounds  of  ammunition  from  the  lower  hoists  into 
the.  ammunitipn  carriers  (fig.  9-37).  The  Mods 
3\  4,  /and  9  gun  mounts  have  no  transfer  tubes 
but  raise  the  rounds  of  ammunition  from  the 
lower  hoists  directly  into  the.  carriers.  Since  the 
subject  of  this  section  is  the  5'V54  ,Mod  9, 
the  gun  loading  system  used  with  this  mount 
(fig.  9-35)  will  be  used  to  explain  how  ammuni-  . 
tion  is  transferred  from  the  lower  handling  room 
to  the  gun  chamber. 

Load  To  Fire  Cycle 

Each  phase  of  gun  loading  consists  of  several 
actions  that  prepare,  position,  or  move  the  amnju-j'  ^ 
nition  to  the  next  phase  of  operation.  V/hen  a 
round  passes  through  a  phase  of  operation,  that 
phase  can  perform  its  function  on  the  next  round 
while  the  preceding  round  is  advancing  to  the 
following  stage.  How  far  each  phase  of  operation 
can  advance  is  determined  by  interlocks  and 
the  physical  status  of  the  next  related  phase  of 
thQ  gun  loading  operation. 
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From  Loader  to  Carrier 

The  sequence  begins  witti,  the  filling  of.  the 
loader  drums.  Ammunition  handlers  place  pro-- 
Jectiles  and  powder  cases  into  cayities  of  each 
loader  drum  (fig.  9-85). ' 

The, loaders  align  the  projectiles  and  powder 
'ca^^  of'  rounds  1  and  2  with  tte  lift  pawls  of  the 
lower  ammunition  hoist  (fig.  9-41A).  The  lower 
•hoist  lift  pawls  raise  rounds  1  and  2  out  of  the 
loader  drums  (fig.  .9-41B).  The  first  raise  cycle 
of  tiie  lower  hoist  is  completed  when  rounds  1  and 
2  are  at  the  first  fli^t  level  in  the  lower  hpist 
tubes.  The  loader  drums  index  rounds  8  and  4 
to  the  hoist  position  (fig.  9-41C).  The  lower 
hoists  raise  rounds  1  and  2  to  the  ammunition 
carrier  tubes  and  rounds  8  an(J  4  out  of  the  loader 
.  di\un8  toward  the  first  fli^t  lever  (fig/9-4lD). 

"  FroiS^^darri^r  To  l^pper  Hoist 

At  the  end  of  the  second  raise  cycle,  the  lower 
hoists  |X3sition  rounds  land  2  in  the  carrier  tubes, 
and  rounds  8  and  4  advance  to  the  first  fligjit  level 
in  the  lower  hoist  tubes.  The  loader  drums  index 
^  the  next  set  of  wunds  over  the  lower  hoist  pawls 
*  (fig.  9-42Af.  The  carrier  begins  moving  pounds  1 
and  2  from  the  lower  hoist$  toward  the  upper 
hoist  (fig.  9-42B),  and  the  upper  hoist  prepares 
to  receive  rounds  1  and  2  from  the  carrier.  Note 
the  reversed  positions  of  the  upper  hoist  lift., 
pawls;  The  left  pawl  is  down  and  the  ri^t  pawl 
is  up.  Upper  hoist  operation  alternately  raises, 
rounds  (fig.  9-42C).  TJie  carrier  rotates  along- 
side the  upper  hoists,  and  the  carrier  ejector 
mechanisnpL  ejects,  the  rounds  into  the  upper 
hoist  tubes  (fig;  9-42D).  , — 

From  I^jper  Hoist  To  Cradle      '  "  . 

*  When  the  upper  hoist  shutters  close  and  the 
QBTrier  mechanism  retracts,  the,  left  upper  hoist 
pawl  begins  raising  round  1  into  the  left  cradle 
as  the  right  upper  hoist  pawl  lowers  to  the  start- 
of-hoist  position  below  round  2.  The  carrier  be- 
gins rotating  to  the  lower  hoist  to  pick  up  rounds 
^8  and  4  (fig.  9-43A).-The  left  upper  hoist  raise 
'movement  ends  When  round  i  is  positioned  in  the 
,    left  cjadle,  the  right  upper  hoist  .pawl  is  dowh 
;  and  ready  to  raise  round  2,  the  carrier  is  latched 
"  *  to. the  lower  hoists  and  rounds  3  and  4  are  being 
hoist^i  into  the  carrier  tubes  (fig.  9-48B).  When 
rounds  8  and  4  move  into  the  carrier  tubes,  the 
ri^t  upper  hoist  pawl  begins  raising  r^und  2 
into  the  right  cradle.  The  left  upppr  hoist  pawl 
lowers  to  the  gtart-of-hoist  position,  and  the 
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cra41e  swings  up  from  the  left  upper  hoist  to.the 
slide  (alongside  the  left  transfer  tray  (fig,  9- 
43C).  The  left  cradle  latches  to  the  slide  as  the 
lower  hoists  position  rounds  '3  and  4  in  the  carrier 
-tubes.  Round  2  continues  moving  up  into  the  right  . 
cradle  (fig.  9-43D),- 

Trom  Transfer  Tray  To  Ram  Position* 

•  The  left  cradle  ejects  round  1  into  the  left 
transfer  tray,  where  it  is  held  in  position  for 
fuze  setting.  Round  2  is  being  raised  into  the 
right  cradle,  as  the  carrier  begins  moving  roun^ 
3  antJ  4  from  the  lower  hoists  to  the  upper  hoists 
(fig.  S'-MA).  The  left  fuze  setter  extends  to  set 
the  fuze  o/  round  1.  The  left  cradle  swings  down 
from  the  slide  to  the  left  upper  hoist.  The  right 
cradle  begins  raising  round  2  the  slide.  The 
carrier  arrives  ai  the  upper  hoists  with  rounds  3 
and  4  (fig.  9-44B).  The  fuze  is^npw  j^t  ojixoynd  , 
1,  and  the  left  cradle  latches  itself  to  the  left 
upper  hoist.  Round  2  in  the  right  cradle  continues 
raising  to  the  slide.  The  left  upper  hoist  pawl 
begins  lowering  to  the  start-of-hoist  position.  The 
carrier  begins  rotating  to  the  lower  hoist  to  index 
over  the  next  set  of  rounds  (fig.  9-44C).  The 
left  fuze  setter  retracts,  and  the  left  transfer 
tray  starts  lowering  round  1  into  the  ramming  po- 
sition. The  rig^t  cradle  latches  .to  the  slide, 
and  the  left  upper  hoist  pawl  continues  raising 
round  3  to  the  left  cradle  while  the  ri^t  hoist 
pawl  continues  lowerii^  (fig.  9-44D). 

From  Ram  Position  To  Gun  Firing 

When  r9und  1  is  in  the  ram  position,  the  left 
transfer  tray  releases  the  round  and  the  rammer 
spade  rams  the  round  iuUytne  gun  chamber.  At  the 
same  time  round  3  continues  up  into  theleft  cradle 
(fig.  9-45A).  ,The  breechblock  raises  fo  close  the 
breech  and  raises  the  rammer  spjade  to  the  latched 
position  for  the  rammer  retragt  stroke.  The  left 
(empty)  transfer  tray  raises,  and  the  eq^ty  case 
tray  positions  itself  behind  the  breech.  The  fuze 
is  set  on  round  2,  and  the  left  cradle  ra^lses  round 
3;  the  right  cradle  lowers  to  the  upper  hoist  (fig. 
9-45B).  Round  1  Jires  and  the  recoil  action  initi- 
ates rammer  spade  retraction.  The  breechblock 
opens,  and  the  empty  case  of  round  1  is  extracted 
Into  the  empty  case  tray  as  recoil  ends  and 
counterrecoil  begins.  '  / 

The  right  fiize  setter  retracts  from  ^round  2, 
and  the  left  cradle  latches  to  the  slide  (fig.  9- 
45C).  As  the  gun  moves  back  into  battery,  the. 
right  transfer  tray  lowers  round  2  into  ramming 
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position.  The  empty  case  tray  lowers  into  align- 
ment with  the  empty  case  ejector  (fig.  9-45C). 

Round  2  is  rammed  into  the  gun  chamber  and 
the  case  of  round  1  is  ejected  Into  the  ejector 
tube.  The  gun  fires  round  2,  and  the  empty 
case  of  round  2  is  extracted  into  the  empty  case 
tray  and  lowers  the  empty  case  to  the  case 
ejector.  As  the  rounds  are  fired,  each,  empty 
case  in  the  ejector  tube  pushes  the  case  ahead 
of  it  further  into  the  tube  where  it  is  held  by  a 
spring  loaded  pawl.  The  empty  cases-are  ejected 
out  throu^  the  forward  section  of  the  gun 
mount  by  means  of  a  tube  located  belON\  the  gun 
barrel. 

Round  Selection"" 

In  the  Mod  9  gun  system,  a  round  select  push- 
button located  on  the  EP2  panel  is  used  to  select 
either  one-type  or  twOf-typjBrOperation^ The  loader 
can  be  Joaded  with  two  tj^jfes  of  ammunition.  For 
example,  the  A  loader  drum  can  be  loaded  with  AA 
common,  and  the  B  loader  with  VT  fuzed  projec- 
tiles. The  selection  of  two-type  operation  ensures 
that  only  one  side  of  the  gun  loading  system  is 
used.  The  other  side  remains  loaded  with  another 
type  ammunition  held  in  readiness  for  a  switch 
to  that  type  ammunition.  In  two-type  operation 
the  mount  fires  approximately  24  rounds  per 
minute.  ' 

5"/54  MK  42  MOD  10 

The  5"/54  Mod  10  gun  mount  is  not  an  atl  new 
mount  but  is  actually  a  modified  Mod  7  and  8  mount 
and  is  designed  to  be  used  as  the  main  battery  on 
DEs,  DDs,  DDGs,  DLGs,  and  aDLG(N).  Function- 
ally the  Mod  10  is  similar  to  the  Mod.  9  in  that  both 
Mods  utilize  solid  state  gun  mount  control  systems 
and  electric-hydraulic  power  drives  to  control 
mount  operation. 

Structurally,  however,  there  are  some  differ- 
ences. The  shield  on  Mod  9  mounts  is  constructed 
of  laminated  fiberglass  while  the  shield  on  the 
Mod -10  is  steel.  . 

Lower  hoists  on  the  two  Mods  are  different. 
The  Mod  9  gun  mount  lower  hoists  transfer  ammu- 
nition from  the  hoists  directly  into  the  carrier. 
The  Mod  10  gun  mount  lower  hoists  raise  rounds 
pf  ammunition  from*  the  loaders  to  a  Iransfer 
station  in  the  carrier  room.  The  transfer  station 
ejectors  eject  the  rounds  into    tlve  Carrier. 

In  view  of  the  i^imilaritx  between  the  Mod  9 
and  Mod  10  gun  mounts,  and.  having  previously 
discussed  the.  Mod  9,  no  further  discussion  wiU 
be  presented  on  the  Mod  10. 

i 
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'  Figure  9-41.  — From  loader  to  carrier.  -  • 
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Figure  9-42.— From  carrier  to  uppef  hoist. 
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Figure  '9-43;— From  upper  hoist  to  cradle. 
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Figure  9-44.—  From  t''2.nsie.-  iray  to  ram  position. 
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Figure  9-45.  — From  ram  position  to  .gun  firing* 
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5»'/54  MK  45  MOD  0 

t 

The  Mk  45  gun  mount  (fig.  9-4G)  is  a  fuU^ 
automated,  single  barrel  weapon  that  stows,  al.ii5  , 
and  fire^  5'V54  ammunition.  X  light  vsc.glitg, 
mount,  the  Mk  45  provides  su;fav,t: esct>rl  ses^tit 
with  a  weapon  for  firing  Ty-^^uund  piujccults 
at  surface  craft,  low-altitude  aircraft,  ^nd  shuit. 
targets. 


The  mouifP offers  outstanding  reliatnHty  aivi 
'  maintainability,  is  served  \jy  a  minimum  oi 
personnel,  and  is  operated,  monitered,  and  exer- 
cised remotely;  personnel  do  not  enter  the  gun 
house  except  for  maintenance.  Two  safety  keys 
located  on  the  EPl  panel  disable  al!  gim  loading 
circuits  and  one  safety  key  located  on  the 
panel  disables  the  gun  laying  circuits  before 
the  crew  enters  the  gunhouse.  One  nvount operator 
performs  mount  switching  functions  ar  directed 
for  complete  gun  mount  operation.  The  -.uiunuui- 
tion  handlers  load  projectiles  and  pow^k-i  va^^es 
into  .the  lower  hoist  (on  mounts  with  u  lo\%er 
hoist).  In  mounts  that  do  not'ha^e  a  lower  hoi^t, 
the^ammunitioa  is  loaded  into  the  upper  loauing 
station.  The  mount  loader  drum  holdb  20  roundb 
in  ready  service.  The  lower  hoist  replenisnes 
the  loader  drum  during  sustained  firing  without 
interrupting  the  fire  mission*  I'Or  mounts  \utiiuut 
a  lower  hoist  this  is  done-  viu  the  upper  loading 
station.  The  load  and  fire  cyclAeanbe  inlcri-upted 
if  a  special-purpose  type  of  femmunilion,  such 
as  star  shell,  is  to  be  us^  or  if  mi&iue  — 
clearing  is  needed. 

The  mDunt  design  emphasizes  cie\\  safety. 
The  crew  need  not  enter  the  gunhouse  to  extract 
misfires.  Misfires  can  be  automatically  and 
rapidly  extracted,  a  clearing  charge  loaded,  and 
the  gun  cleared  ,and  returned  t9  sei^ice  without 
personnel  entering  the  gunhouse.  A  round  can 
also  be  unloaded  from  the  cradle  automatically 
before  the  ram  cycle  is  started.  The  EP2  oper- 
ator initiates  an  Auto-Unload  cycle  whioh  lowtrs 
the  round  to  the  upper  hoist  unload  doois  and 
pie  ammunition  handlers  manually  remove  tlie 
round  from  the  upper  hoist. 

GUN  MOUNT  COMPONENTS 

Th^i  i^^ount  has  two  structural  component 
groups;  (fig.  9-46)  stationary  anii  rotating.  The 
stationary  group  ofcomponents  include  two  oper- 
ating panels  EPl  and  EP2  (the  moun.t  contiol  £>y to- 
tem), lower  hoist  (if  required),  loader  drum^ 
fuze  setter,  npper  hoist,  and  lower  accumulator 
^  system. 


The  stationary  group  of  the  gun4oading  syatem 
,    components  is  in  the  loader  room  (fig.  9-4*6) 
ifncTln  the  ammunition  handlir^  room  (for  mounts 
/iwT4uiiing  a  lowei  hoist)  a  compartment  one  or 
..lOie  docks  below  the  louder  loom.  The  stationary 
>iatAjiiLatP  stow,  select,  and  transfer  ammujii- 
t.on  (powder  and  projectile)  to  the  rotating  struc- 
ture atx)\t  deck.  If  the  projectile  of  a  selected 
1  mnd  has  a  mechanical  time  fuze  (MT),  a  fuze 
setter  (mounted  to  the  loader ,  drum)  sets  the 
luze  f^fore  the  round  moves  to  the  upper  hoist, 
ihe  panels,  jx)wer  distribution  panel  EPl  and 
control  panel  EP2,  provide  the  means  for  one 
•naii  to  rnitiate  and  monitor  operation  of  the 
ojun  mount.  ' 

The  rotating  group  of  components  include  the 
gun  laying  (trainand  elevation)  systems,  carriage, 
cradle,  slide,  gun  barrel,  upper  accumulator 
system,  and  shield.  These  components  rotate 
together  on  a  stand  secured  to  the  weather  deck. 
The  stand  forms  a  beariiig,  a  roller  path,  for 
the  rotating  sti'ucture. 


COM  HOL  SYSTEM 


\ 


1  he  gun  mount  control  system  consists  of  two 
control  panels:  IvPl  power  panel  and  EP2  control 
panel.  *The  power  panel  (E  PI)  receives  power  from 
the  ship's  supply  and  distributes  it  within  the 
mount  and  other  panels,. 

The  control  panel  (E^2)  perihits  selecting  the 
various  modes  of  mount  operation.  A  test  board, 
in  the  EP2  panel,  is  used  for  local  control  of 
the  gun  laying  system  and  fuze  setter. 

The  gim.  laying  system  positions  the  gun  in 
\joih  train  -tnd  elevation,  and  consists  of  separate 
tram  and  elevation  power  drive  assemblies.  These 
assemblies  are  electrically  controlled  and  hy- 
draulicahy  operated  in  lesponse  to  orders  from 
either  a  remote  fire  contiol  system,  or  the  pn 
mount  local  control  system.  A  firing  cutout 
system  opens  the  firing  ciiouit  whenever  the 
gun  is  positioned  to  a  non-firing  zone. 

Cnlike  oldei  gun  mounts,  the  firing  cutout 
cams  aie  located  in  the  train  and  elevation 
receiver-regulators. 

The  mount  local  control  system  permits 
total  system  exercise  and  test.  One  man  can  ac- 
tivate and  exercise  the  mount  and  verify  mount 
operation  ability  in  less  than  5  minutes. 

A  troubleshooting  status  board  located  within 
the  EP2  panel  IS  used  m  conjunction  with  inculcating 
lights  and  dials,  to  pin  point  the  cause  of  mount 
stoppage.  Standardized  parts  are  used  exten- 
sively, and  many  of  the  amplifiers  and  logic 
oircuit  cards  are  physically  and  functionsdly  V 
interchangeable. 
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Figure  9-^,— 5-lnch    54-Calll)er  Gun  Mount  Mk  45  Mod  0:  General 

arrangernent..  . 
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LOAD  AND  FIRE  OPERATION 


Before  a  lo£id-and-fire  operation  begins,  the 
loader  drum  may  be  loaded  with  the  selected  type 
of  ammu^tion.  To  load  the  lo§ider  drum  (fig. 
9-47),  ammunition  handlers  manually  insert  pow- 
der cases  and  projectiles  into  tfte  lower  hoist. 
The  lower  hoist  automatically  raises  the  rounds 
to  the  upper  luttding  station,  where  an  ejector 
transfers  them  into  empty  cells  <rf  the  loader 
drum,  ' 


With  aJoad-and-fire  order  in  effect,  the  loader 
druin  indexes  until  it  positions  a  round  of  ammimi-. 
tion  in  the  transfer  station  at  the  upper  hoist 
(fig.  9-48).  At  the  transfer  station,  a  position- 
ing mechanism  aligns  the  roxmd  with  the  fuze 
setter  mounted' overhead.  If  the  projectile  has  an, 
MT  fuze,  the  fuze  setter  extends,  sets  the  fuze, 
and  retracts.  An  ejector  then  transfers  the  round 
into  the  upper  hoist  (fig..  9-49). 

With  the  first  round  ejected  into  the  hoist  and. 
the  hoist  raising,  the  loader  drum  indexes  clock- 
wise to  bring  the  next  loaded  cell'to  the  traiisfej: 
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Figure  9-47.    Loading  loader  dyum. 


.84.406 


fetation  {fig,  9-50),  The  fuze  settejr  extends 
and  sets  the  fuze  on  this  projectile  while  the 
upper  hoist  pawl  raises  the  first  round  Into  the 
ci'adle,  which  at  this  time,  ip  at  hoist  position. 

The  cradle  pawl  holds  the  rouad  while  the  ho  1st 
pawl  begins  to  lower  for  the  second  round  ((ig, 
9-51),  When  the  hoist  p^wl  Is  clear  of  the  cradle, 
the  cradle  unlatches  and  pivots  upward  (raises) 
to  allgni  the  round  with!  the  breech  bore. 

As  th^  CTadle  Talses^  a  pawl  moves  "the  round 
farther  Into  'the  cradle  and  the  rammer  pa^l  ex- 
tends into  position  behind  the  roun^  for  ranuning. 


Wheo  the  cradle  latches  to  the  slide,  the  ranimer 
moves .  the  round  Into  the  breech.  "The  brejbch- 
block .  partially  lowers  to^hdld  the  round.  In  the 
breech  Vhlle  th^  rammer  ^retract^  ,(flg.  9-52) 
^and  cradle  unlatches  and  pivots  downward  (lowers) 
to  .ali^  with  the  Upper  hoist.  Free  from  Inter- 
ference,, the  breeqhblock  closes  (fig.  9-53)  and 
the  emptjT  case  tr^y*  lowers.  . 

As  soon  as  the^empty  oase  tray  latches  to  the 
gunj  the  gun  fires/ ;      ,  ♦ 

The  tiring /rf  the^ powder  case  causes  the  gun 
.  to  recoil  (fig.  ^9-54). ..."  i 
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Figure  9-49.  —  Ejectors- transfer  round  1  to  upper  hoist  station. 
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UPPER  HOIST  RAISES  ROUND  TO  CRADLE 


^AZ    LOADER  DRUM  INDEXES  ONE  CELL. 


LOAC^ER  DRUM  IMDEk  PJSTON  RETR*ACTS 


NEXT  ROUND  POSITIONeD.j:ORJ='UZESETT!;^ 


Ffgure  9-50.— Hoist  raises  round  1  to  cl^adle. 
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Figure  9-51.  — Cradle  raises  roundel  to  slide;  Fuze  set  on  round  2. 
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breechblock  LOWERS  PARTIALLY  AFTER  RAM  CYCLE  TO  HOLD 
round  in  breech  UNtfL  RAMMER  AND  CRADLE  ARE  CLEAR  OF 
BREECH  *  .  ' 

RAMMER  RETRACTS' 

EMPTY  CASE  EJECTOR  RETRACTS  AFTER  PREVIOUS  PJECT  CYCLE 
FUZE  SETTER  RETRACf  S  AFTER  SEfTTJNiG  FU;eE 

NEXT  ROUND  EJECTED  INTO  UPPER  HOIST 
^1  TRANSFER  pTATION  EJECTORS  RETRACT 
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Figure  9-52.  — Rammer  loads  round  i* into  breech;  Ejectors  transfer 
round  2  to  upper  hoist  station.  , 
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CRADLE  L.OjyVERS  TO  UPPER  HOIST 


BREECHBUOCK  CLOSES  BREECH 


EMPTY  CASE  TRAY  LOWERS 
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Figure  9-53.  —  Breech  closes  on  ^ound  1;  Cradle  lowers  to  upper  hoist, 
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GUN  FIRES  AND  RECOIUS 


UPPER  HOIST  BEGINS  TO  RAISE  N^XT  RQUND 


LOADER  DRUM  BEGINS  TO  INDEX; /  ^  ^ 


84.413 


Figure  9-frl'.— Gun  firgs  round  1;  Hoist  raises  round  2  to  cradle, 
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At  the  end  of  recoil,  counterrecoil  pistons  re- 
turn the  gun  to  Wter>  (fig.  9-55)  position. 
^Tiile  the  gun  counterrecoils,  the  breech  opens 
(breechblook  raises)  and  the  extractors  pull  the 
spent  powder  case  from  the  breech  into  the  wait- 
ing empty  case  tra>.  The  empty  case  tray  raises 
into  alignment  with  the  empty  case  tube  (fig, 
9-56),  the  gas  ejector  expels  the  gases,  the  empty 
case  ejector  door  opens,  and  a  pawl  ejects  the 
powder,  case  from  the  shield. 

When  the  pawl  of  the  upper  hoist  returns  to 
its  down  position,  an  ejector  transfers  the  second 
round  into  the  upper  hoist.  The  loader  drum  then 
indexes  the  next  cell  (third  round)  clockwise  to 
the  transfer  station.  This  movement  positions  the 
empty  cell  of  the  first  round  at  the,  upper 
loading  statjon  and  places  the  empty  cell  of  the 
second  round  between  the  transfer  station  and  the 


upper  loading  station.  After  theupper  hoist  raises 
the  second  round  into  the  cradle,  the  positioning 
mechamsm  in  the  loader  drum  aligns  the  third 
round  with  the  fu^e  setter,  \^ich  extends  and  sets 
the  fuze.  At  this  time,  an  ejector  transfers 
another  round  from  the  lower  hoist  into  tfie 
emp^  cell  at  the  loading  station.  This  indexing 
an(i  transferring  of  rounds  continues  in  the  same 
manner. 

The  cell  between  the  loading  station .  and  the 
transfer  station  always  remains  available  for 
loading  a  special  round  (alternate  load  opera- 
tion). If  Weapons  Control, orders  a  special  round, 
the  ioader  'drum  indexes  one  cell  clockwise  and 
the  loading  station  ejectors  eject  the  round  into 
th?  empty  cell  of  the  loader.  The  loader  drum 
then  indexes  counterclockwise  two  cells  to  posi- 
tion the  special  round  at  the  transfer  station. 
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GUN  COUNTERRECOIt:S  /  J 
BREECH  OP^NS 


EMPTY  CASE  EXTRACTED  INTO  EMrrY/CASC  TftAY 


^     UPPER  f|[OisT  CONTINUE8;Ta^At8E  CRADLE 


LOADEnf  DRUM  COMPLETES  INDEXING  ONE  CELL 


Figure  9-55.— Extractors  remove  enipty  daa^  of  round  1. 
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EMPTY  CASE  TRAY  RAISES  TO  EJECT  POSITION 


EMPTY  CASE  EJECTOR  EJECTS  EMPTY .C>8C 


PER  HOIST  LOWERS  TO  HOIST  STATION 


CRADLE  RAISES  NEXT  ROUND  TO  SLIDE 


ROUND  POSITIOMCD  IN  CRADL'C.  WHEN 
CRADLE  LATCHES  TO  SLIDE,  ROUND  IS 
RAMMED  INTO  BREECH 


NEXT  ROUND  POSITIONED  AT  TRANSFER  STATION 


FUZE  SETTER  EXTENDS  AND  FUZE  IS  SET 


B§  AFTER  INDEXING,  LOADER  D.RUM  I H DEX  PiSTOH  RETRACTS 


ROUND  EJECTED  INTO  EMPTY  LOADER  CELt* 


LOADING  STATION  EJECTORS  RETRACT 

LOWER  HOIST  RAISES  AND  PISTON  RETRACTS  - 
(G)  CREW  CONTINUES  TO  MANUALLY  LOAD  LQWER  HOIflTt 


Figure  9-56,— Empty  case  tray  raises  round  1  case  for  ejection^  Cradle 

raises,  round  2  to  slide,         •      '  ^ 
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CHAPTER  10 

BREECH  MECHANISMS 


From  the .  preceding  chapter  you  learned 
that  the  primary  purpose  of  a  breech  mechamsm 
is  to  seal  off  the  rear  end  of  a  gun  tube.  Cur- 
rently all  guns  in  U.S.  Navy  gun  ^mounts  use 
slj[ding-wedge  breechblocks.  Some  of  these 
OTffichblocks  must  be  opened  manually  when 
oripred  to  load  the  gun  for  finng,  others  are 
opened  hydraulically  through  a  piston  arrange- 
ment connected  to  the  breechblock. 

Regardless  of  their  method  of  operation, 
all  breech  mechanisms  must  meet  Ihe  following 
requirements: 

1,  Be  capable  of  r^id  opening  and  closing. 

2,  Have  a  means  to  keep  the  propellant  gases 
in  the  gun  chamber, 

3,  Incorporate  the  essential  parts  of  afiring 
mechanism. 

In  our  discussion  of  breech  mechanisms  we 
break  down  the  above  listed  requirements  in 
a  way  that  will  enable  you  to  e^lain  both 
the  hydraulic  and  mechanical  operating  cycle  of 
the  various  breech' mechanisms,  and  describe 
the  function  and  operation  of  their  gas  check 
systems.  We  e^qplain  the  purpose  and  operation 
of  the  firing  cutout  systems,  and  the  function  of 
firing  mechanisms.  We  also  e;qplain  how  to  test 
firing  circuits  and  firing  cutout  systems, 

SLIDING— WEDGE  BREECHBLOCK 

Sliding-wedge  breechblocks  are  u^d  in  all 
case  type  guns  that  employ  either  fixed  or 
separated  ammunition.  This  type  br^ci^lock 
is  a  heavy  steel  forging  that  is  sturdy  Enough 
to  withstand  the  hi^  gas  pressures  built  up 
in  the  gun  chambers  of  the  guns  they  are  used 
on.  The  largest  gun  employed  by  the  Navy  to 
use  the  slidinywedge  breechblock  is.the  8* V55RF 
gun. 

In  figure  10-1  you  see  (in  simplified  form)  the 
elements  of  a  sliding-wedge  breech  mechdiism 
as  it  looks  from  the  side,  with  the  breechblock 


or  plug  in  the  lowered  (open)  position.  The 
dotted  outline  represents,  the  breechblock  in  its 
raise'd  (closed) ,  position.  If  you  look  carefully, 
you'll  notice  that  the  grooves  in  which  the  plug 
slides  up  and.  down  are  not  exactly  vertical; 
they're  slaiited  slightly  forward  from  bottom  to 
top.  You  can  see  that,initsopenj)OSition,  the  plug 
is  noticeably  aft  of  its  closed  position,  Ii;,otter 
words,  in  rising  to  the  closedposition,  the  breech- 
block moves  forward  as  well  as  upward. 

The  effect  of  the-breechblock'sforwardmove- 
ment  as  it  closes  is  to  wedge  £he  cartridge 
case  into  the  gun  chamber  (hence  the  name 
sliding- wedge  breech  mechanism).  Wedging  the 
cartridge  case  in  the  chatiiber  prevents  it  from 
moving  rearward,  theretf/  assisting  in  improving 
the  gas  seal. 

Guns  using  case  ammuiution  use  the  expan- 
sion type  gas-check  system.  The  major  part  of 
this  system  is  the  cartridge  case.  To  understand 
this  system,  look  at  figure  10-2.  The  cartridge 


Figure 
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Principle   of  the  sliding  wedge 
^  breechblocic. ' 
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•  Figure  10-2.  —  Sealing  the  breech  by  expansioiu 


case  seals  off  the  chamber  and  the  Bpace  between 
the*  housing  and  the  breech  plug,  and  prevents 
gases  from  escaping  to  the  rear.  When  the  pro- 
pellant  is  ignited,  the  powder  gases  ejqpand  the 
cartridge  case  against  the  wall  of  chamber  and 
the  breechblock.  The  gas  can  only  escape  for- 
ward, driving  the  projectile  out  the  bore. 
*  After  the  gun  has  fired  and  the  projectile 

lias  left  the  muzzle,"  we  still  have  to  remove  the 
cartridge  case  from  the  chamber.  Getting  the 
case  out  of  the  chamber  is  a  job  for  the  extrac- 
tors. .  ^ 

Extractor  operation  is  shown  in  figure  10-3,t 
Only  onq  extractor  is  shown;  there  is  another 
on  the  opposite  side.  The  extractors  have  Hps 
which  fit  in  front  of  the  rim  on  the  cartridge 
case.  When  the  breechblock  is  up,  the  tops  of 
the  extractors  are  forward,  and  the'  bottoms 
(which  have  a  lug  riding  in  a  breechblock  CfiCm-, 
way)  are  aft.  When  the  breechblock  drops,  the 
'  bottom  .  of  the  extractor  i$  cammed  forward. 
^  This  causes  the  top "  of  the  extractor  to  move 
aft,  flipping  the  cartridgfe  case  out*bf  the  gun 
chamber.  _  \         ^  ^ 

-*  The  m^dn  purpose  of  all*  exfractdrs  is  to* 

exatract^the  empty  ca:se.  They  "  differ  in  design, 
however,  from  one  type  of  gun  to  another* 
'  ;You,  wiU'  study  three  types  of- ,extr actors  in 
Vhe  Remainder  of  thj^-cbapter.^ 

BREEqH  ,OJ^ERATING  MECHANISM  (5''/38) ' 

^fl^'         Figure  10-4  shows  the  basic  ^components- of 
.-the  breeeht  operating  mechanism  as  you  would 
see  them  if  the  slide  ^d  housing  were  clear 
J  •  f^f-^l^sa  instead  of  steel.  The  breechblock  is  closed. 

ERIC  .  -    .      .  • 
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Figure  i0-3.  — Schematic  of   case  extraction. 


Under  the  breechblock  and  linked  to  it  is  the 
operating  shaft,  which4s  coupled  to  the  operating 
spring,  , 

The  right  end  of  the  operating  shaft  is  linked 
•  to  the  hand  operating  lever  on  the  right  side  of 
the  slide.  At  the  left  end  of  the  operating  shaft 
are  the  o|)erating  shaft  crank  and  the  operating 
shaft  cam  plate. 

NOTE:  We  axe  looking  at  a  siugle  mount  here. 
The  left-hand  gun  of  a  twin  mount- is  setup 
similarly  but  most  parts  are  of  opposite  hand. 

A  crank  arm  on  the  operating  shaftle  linked 
to  the  breechblock  by  two  bearing  blocks  (not 
visible  in  fig.  10-4)  that  ^de  in  ways  in  the 
breechblock.  When  the  arm  rotates,  the  breech- 
block moves  up  or  down  (depending  on  direction 
of  rotation)  in  the  breechway.  .The  shaft  rotates 
to  lower  the  block  either  when  the  hand  operating 
lever  on  its  right  is  operated  while  the  gun  is 
in  battery,  or  when  the  crank  on  its  left  end  is- 
.  ^cammed  by -an  operating  shaft  cam  plate  as  the 
housing  returns,  to  battery  after  firing.  In  either 
,  case  this  rotation  compresses  the '  operating 
'  spring,  Avhich  is  Unked  6)  the  operating  shaft 
by  a  ehain..The<  extractors  lock^the  block  down 
until  the  cartridge  case  being  rammed  into  the 
chamber  ptdls  .them  forward  (or  they  may  be 
unlocked  manually  by  a-^cial  tool).  In  either 
case,  spring  thrust* pulls  the  block  up,  and  it 
is  locked  closed  by  the  salvo  latch  (figs.  10-5 
an^lO-lO).^      ,    •  *         '        •     .  ' 

All  these  movements  can  ,be  traced  out  in 
figure'  lOrS.  The  operating  spring  pulls  (arrow 
No.l),  the  shaft  turnff  (2),  the  breechblock  jises 
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Figure  10-4.— Breech  operating  mechanism  (5"/38). 
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(3),-  and  the  extractors  are  cammed' by  the  inner 
lug  slot  in  the  block  (4).  All  these  movements, 
naturally,  reverse  when  the  shaft  is  turned  (either 
automatically  or  by  the  hand  operating  lever) 
in  the  opposite  direction.  The  cam  plate  has  been 
omitted  from  figure  10-5  for  clarity. 

Now  let's  follow  the  functioning  cycle  of  the 
mechanism.  As  we  watch  it  go  through  its  paces, 
we'll  look  first  at  the  breechblock  and  extractors. 

FUNCTIONING  OF  3REECHBI.0CK  AND 
fiXTRACTpRS  (5''/38   BREECH  MECHANISM) 

Let's  begin  with' the  breech  open.  Thebre^ech-* 
blocks  is  locked  down  and  the  operating  shaft 
crank  is  under  the  cam  plate.  Figure  10-6  shows 
this  condition. . 

For  the  monflent,  disregard  the  rammer  spade 
and  cartridge  case  in  the  figure,  but  notice  how 
the  extractors  (only  one  is  shown)  IbcH  the. 


breechblock  down.  The  breechblock  is  constantly 
under  the  upward  thrust  of  the  breech  operating^ 
spring  (working  through  J^e  operating  shaft). 
Each  extractor  has  at  its  bottom  two  cylindrical 
lugs.  .The  outer  lug  (fig.Nj.0-6A)  is  xmder  the 
constant  forward  thrustof  a  spring-loaded plxmger 
(not  shown).  As  the  extractor  .works  back  and 
forth,  this  outer  lug  oscillates  in  a  small  arc  in 
a  kidney-shaped  slot  in  the  hou3ing,  sketched  in 
€ig.  10-6C.  The  inner  lug  (dotted  circle)  engages 
a  long  Hamming  slot  in  the  breechblock..  At  the 
top  of  the  slot  is  a  small  flat-topped  -pallet  of 
l^ardened  metal.  When  the  breechblock  is  in 
open  (doAvn)  position,  its  upward  thrust  forces 
the     pallets      against    the  inner  lugs  of  the 
extractors.  Botli  because  the  pallet  tops  are  flat, 
and  because  of  the  -  plunger  spring's  forward 
thrust  on  the  outer  lugs,  the  dinner  lug  of  each 
extractor  remains  seated  on  its  pallet,  locking 
the  breechblock  down  so  long  as  the  extractors 
are  otherwise  undisturbed. 
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Figure  lO-S,  — Motions  of  ,  breech 
components  (5^'/38). 
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.  Now  let's  put  the  rammer  spade  and  powder 
case  back  into  the  picture.  The  rammer  pushes 
the  case  forward.  The  powder'  case  rim  pulls 
the  extractors  forward.  This  disengages  the  ex-' 
tractor  inner  lugs  from  the  pallets.  The  breech- 
block unlocks  and  begins  to  rise. figure  10-6B 
shows  the  breechblock  up  about  hsflfway,  pusj-' 
the  rammer  spade  up,  and.the  extractors  ror' 
'  forward. 

In  figure  10-6C  the  breechblockhas  closed  and 
locked,  and  the  gun  is  readtytofire.The  extractor 
lip  is  fully  forward,  nested  in  its  cavity  in  the 
housing.  The  rammer  spade  is  pushed  all  the 
wa:y  up.  .  . 

Between  figures  3.Q-6C  and  10-6D  the  gun 
has  fired.  The  housing  and  gun  barrel  have 
moved  aft  in^ecoil,  and  have  almost  completed 
their  forward  (counterrecoil)  movement  to 
battery.  The  breechbiock^automatically  begins  to 
move  downward,  and  the  inner  lug  slot  pushes 
the  extractor  inner  lug  forward. 'As  a  result, 
the  extractor  lip  begins  to  rock  backward,  pull- 
ing the  cartridge  case  rim  with  it.  Arrows  show 
how  the  various  parts  move.  The  extractors  flip  , 
the  cartridge  case  to  the  rear.  When  the  block, 
is  fully  down,  the  extractor  inner  lugs  lock  against 


the  pallets,  holding  the  block*  open,  as  it  w^s 
at  the  start  of  the  cycle.  : 

FUNCTIONING  OF  CAM  PLATE  AND 

SHAFT  CRANK  {5"/38  BREECH  MECHANISM). 

^  Now  let's  follow  the  other  parts  of  the  breech 
mechanism  during  this  cycle.  We've  already  seen 
that  the  breechblock  is  lifted  automatically  when-  * 
ever  the  extractprs* '  upper  ends  are  pushed 
forward.  The  breech  operating  spring  does  this 
by  rotating  the  operating  shaft.  The  block  is  low- 
ered 1^  action  cff  the  operating  shaft  cam  platei^ 
This  is  a  spring-loaded  flat^  plate  hinged  to  the 
.inner  surface  of  the  left  side  of  the  slide.  Figure 
10-7  shows  the  housing  moving  forward  in  coun- 
terrecoil. The  breechblock  is  up,  as  shown  by 
the  erect  position  of  the  operating  shaft  crank.* 
When  the  crank  lug  contacts  the  cam  plate,  the 
lug  follows  the  outer  cammed  surface  of  tiie  plate 
and  forces  the  crank  to  rotate.  This  moves  the 
breechblock  down,  operating  the  extractors,  and 
.  causing  th^m  to  lock  the  breechblock  open. 
In  recoil  movement,  the  crank  lug  merely 
pushes  the  cam  plate  back  against  its  spring  ^ 
a§  it  gpes  t>y,  and  the  crank  ddes  not  turn. 

Note  that  the  cam  plate  functions  only  to 
open  the  breech*  during  counterrecoil.  It  does 
not  hold  the  breech  open;  the  extractors  do  that. 
p-  A  clearance  cut,  in  the  inner  side  of  the  cam  plate 
allo\ys  the  crank  to  turn  when  the  breechblock 
rises- while  the  housing  is  in  battery. 

Hand  Operation  * 

There  are  'times  when  you  operate  tbe  5*^/38 
breech  mechanism  tjy  hand.  You  do  that  when 
somethinggoes  wrong— if  the  operating  springer 
chain  shmJld  bfeak,  for  instance.  And  there  are 

 aons  for  hand  operation  too  —when 

you  open  theTjpaech  for  the  first  round  to  be  fired, 
and  for  inaction,  cleaning,  or  bore-sifting.- 
You  use  the  hand  operating  lever,*  which  will 
raise  or  lower  the  plug  when  the  gun  is  in 
battery.  Pulling  the  lever  to  the  rear  opens  the 
l)lug. 

CAUTIONt  After  you've  opened  the  breech 
manually,  retHrri  the  lever  to  breech  closed 
(stowed)  position  where  it  is  locked  in  place  \jy 
the  lever  latch*  If  the  lever  is  left  to  the  rear, 
the  rising  breechblock  will  make  it  slam  forward, 
and  this  can  be  rouf  on  any  part  of  your  ahatomy 
.that  may  be  in  its  path. 

To  see  its  working  parts,  look  at  figure 
10-8  which  shows  the  hand  operating  linkage 
as  it  is  mounted  on  the  right'  side  of  the  slide 
and,  in  particular,, shows  in  detail  the  sliding 
latch,  the  lever  that 'sets  the  sliding  latch,  the 
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Figure  10-6.  —  5"/3g  breech  mechanism;  breechblock  and  extractor  action.  A.  Powder  case  rim  en-  . 
'  gagfiig  extractor  lip;  breechblock  open.  B.  Ppwder  case  rammed;  breechblock  rising  to  wedge 
case.  C.  breechblock  In  closed  "position;  ready  to  fire.  D".  Breech  opening;  beginning  of  extraction. 
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Figure  10-7.  — 5"/38  rnueuh'  Afechanism.  Cam  plate  and  operating  shaft  crank  action  during  recoil. 

*  \      '  •  ■ 

operating  shall  crank  on  the  operating  shaft, 
and  the  hand  oi)c rating  crank  which  is  part  of 
the  latch  bell  crank* 

Whert  you  pull  the  hand  lever  back  (to  lower 
the  breechblock),  the  link  move^  down  and  to  tiie 
right  (arrow  A)  and  turns  the  latch  crank  ahd  the 
hand  operating  crank  (arrow  B).  .The  crank, 
in  turn,  pushes  the  operating  shaft  crank  in  the 
same  direction  (arrow  CJ,  thus  lowering  the  block. 
Once  the  block  is  down,  the  ejctr actors  lock  it 
open* 

When  you  retum  thef  hand  operating  lever  to 
the  stowed  position,  the  hand -operating  crank 
doesn't  engage  anything  and  the  linkage  moves  in 
»*free  wheeling."  .  - 

The  hand  operating  lever  is  adequate  for  tour 
tine  opening  of  the  breech  for  the  initial  round, 
boresighdng,  inspection,  etc*  However,  there  are 


times  when  the  breech  must  be  not  only  opened 
but  closed  lay  hand.  That's  an  emergency  measure 
wiiich  mi^t  be  caused  by  failure  of  the  operating 
spring,  for  example.  To  do  this,  you  set  a  slid- 
ing latch— a  small  metal  block 'in  the  hand 
operating  crank  at  the  right  end  of  the  operating 
shaft.  Figure  10-9A  shows  the  latch  and  the  lever 
used  for  operating  it,  with  the  latch  diseng^d. 
Artow  1  shows  how  the  operating  shaft  moves 
in  breech  opening.  Figure  10-9B  shows  the  sliding 
latch  engaged,  and^arrOw-2  shows  how  the  hand 
operating  linkage  and  the  operating  shaft  turn 
when  the  breechblock  is  raised  by  the  hand  lever. 

THE  SALVO  LATCH 

n  •■  k 

Once  in  a  while,  when  a  *  gun  is  fired,  the 
propelling  charge  for  one  reason  OT  another  falls 


ERJC. 


SC4 


/  Chapter  lO —BREECH  MECHANISMS 


GUNNER'S  MATE  G  3  &  S 


I  84.163 

Figure  10-9.-^  5"/38  breech  mechanism.  Func- 
tion of  sliding  latch  in  hand  operating  mech- 
anism. 


to  burn.  If  it  is  a  complete  dud,  you  have  a  MIS- 
FIRE, If  Jtlires  after  a  lapse  of  a  few  seconds  or 
minutes,  you  l^ave  a  HANGFIRE. 

A  misfire  is  a  nuisance,  but  a  hangfire  is 
a  killer.  Th§  worst  6f  it  'is  that  the  first  few 
seconds  after  firing  the  gun,  nobody  can  -tell 
the  difference  between  them*  If  it  is  a  misfire, 
your  have  to  remove  the  'defective  propelling 
charge  and  load  another.  But  if  it's  a  hang-fire, 
it  might  e:q)lode  while   ypur're  removing  it. 

There  is  a  way  out  of  Ihis  dilemma.  You 
WAIT.  After  a  period  of  time,  as^  specified 
in  OP*  1591,-  it  is  considered  safe  to  open  (he 
bxeech  and  remove  the  propelling  charge. 

'The  procedure  is  fairly  well  cut  and  dried  for 
single  guns,  or  for  guns  firing'  individually. 
Sut  when  two  ^or  three  guns  are  firing'in  salvo, 
and  one  gun  fails  to  fire,  it  might  go  unnoticed. 
Supposejhat  does  happen.  The  gun  crew,  thinking 
the  gun  l>as  fired,,  falls  to  and  opens  the  btreech. 
Inside,^ a  hangfire* is  in  progress.  Befoi*e  the 
breech  can  'be  close^  again...;  but  Why  spell  it 
out?  It  has  happened,  and  at  least* once  a  whol6 
turret  crew  was  wiped  out. 

That's  wh^re  the  salvo  latch  comes  in.  The 
salvo  latch  is 'a  device  which  prevefnts  the  .Un- 
intentional opening  of  the  breeeh,  after  the  gun 
is ,  loaded,  but  before  it  has  been  fired. '  The 
salvo  latch  can  besopened,  of  course,  but  always  * 
with  the  fuU  realizauon^f  t,he  potential  danger  — 
never  as  a  routine.  ' 

The  design  used  on  5'*/38  breech  mechanisms 
is  alitomatically  opened  camming  action  when 
the  housing  recoils.   | '  •  , 

Th9   s^vg  latch  /fig.j,10-10)  is  a  spring- 
under  (he  operating* 


loacied^assei|bly*  mbwtecl.j 


shJ^t  in  the  houshigp  As  shown  in  figure  10-lOA 
its  catcl^^gages  a  shaft  lockinglugintlj^  operat- 
ing shaft  crajik  when  the  breech  is  closed,  and, 
prevents  the  crank's  rotation.  But  as  the  housing 
moves  in  recoil  (white  arrow  in  fig.  10-lOA  and 
B),  the  salvo  latch  lug  is  forced  dowmvard  fay 
a  cam  in  the  ,sride,  and  the  catch  (which  is  also 
spring- loaded)  springs  in  under  the  crank  lug  so 
that  it  cannot  engage  the  lug.  ,The  breech  id 
now  free  to  open  in  counter-recoil;  or  it  can  be. 
opened,  by  the  hand  operating  lever  if  the  pperat- 
ing,  shaft  cam  plate  is  retracted  for  single  fire.-- 

•  To  open  by  hand,  pull  the  salvo  latch  down 
until  its  catch  snaps  in  imder  the  operating 
crank  shaft  lug. 'The  breechblock  can  then  be 
lowerecf.  But  it  shouldn't  be  necessary  to  remijpd  ^ 
you  KEVeR  to  disengage  the  salvOwlj|teh  as  a. 
roujinfe  between  rounds,*  except  for  s^^^feribed 
misfire  procedure.  'For  drill  p^irposes  only, 
the  latch  may  be  locked  open  so  that  is  won't 
function...  Otherwise,  it  may  be  disengaged  man- 
ually only  when  the  breech  is  opened  for  load- 
ing the  first  round,  for  irisp^tion,  or  for  mainte- 
nance. "0   *  ^ 

breech  operating  . 
mechanism*(3'«/^p-rf).      ^  ^ 


The  breech  mechanism  used  on 
mounts  resembles  ^n  many  ways 
mechanism  just^discu^sed.-  It  is-a  slHling^  wedge' 
type  breech.  A  salvo  la'tehlockJme  breech  closed, 
unlocking  it  on  recoil.  The^reechblock  is  lower- 
ed in  counterrecoil '  bj^  a  cam  plate\  Breech 
lowtiring  action  causes  empty  case  extraction. 
The  han3  operating  mechanism. is-^even  Ampler 
than  that  of  the  5'V3S^  as  here  .^•operates, only 
to  lower  the  breechblock.  Bec&use  of  these 
similaiities,  we  will  not  go  through  these  actions 
again.  There  are,  however,  differences  between 
the  two  mechanisms.  '  , 

The*  major  difference  betweem  the5"/38 
breech  mechanism  and  the  3'V50  RF  is  that 
the  latter  is  synchronized  (and  sequenced)  with 
an  electrically  driven  automatic  loader.  For 
obvious  ^afety  reasons^  this  mean^  that  for  the 
breech  hiechanism  to  do  its«job  woperly,  the 
'^utonijltic  loader  must  be  iperatii%  correctlyg 
and  yice  versa. 

We  will  n6t  discuss  all  the  mechanical  and 
eleqtrical  connections  between  loader  and  breOch, 
but  will  show  you  the  principal  parts  and  discuss 
•their  relationship.  ♦  '  ^       V  . 

F*eatures  of  a  3"/50  RF  Creech' operating, 
mechanism,  not  found  on  th^  5'V38  and^earlier 
3"MSF  mounts,  are:   -^^'2,  , .     ,  _ 


3"/50  Rt\ 
the  51'/38- 
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Figure  10-10.  —  5* V38  toreech  mechanism,  salvo  latch  functionliig. 
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Figure  10-11.  — Breech  holddown  mechanism^ 
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Figure  10-11.— Breech  holddown  mechanism— Continued, 
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!•  A  bi^ch  holddown  mechftoBin,  This  device 
latches  the.  breechblock  down  until  a  round  is 
rammed  into  the  chamber.  This  permits  the  ex- 
tractors to  be  ••free  wheeling*'  during  loading 
and  be  more  e^^cient  in  their  primary  job  <rf 
empty  case  extractioiu 

2.  A  breech  interlock  mechanism*  This  device 
consi-sts  of  a  set  of  mechanical  and  electrical 
interlocks  which  prevent  loading  cycles  from 
hi^^spening  until  safety  conditions  are  met. 

Breech  Holddown  Mechanism 

The  older  slow  fire  3'V50,  like  the.  5"/38, 
uses  the  ixmer  lugs  of  the  extractors  to  hold  the 
breechblock  down  until  a  round  of  ammimition, 
being  loaded*  rocks  them  off  the  breechblock 
pallets.  When  loading  by  hand  or  using  the  5'*/38 
power  rammer,  the  resistance  offered  by  the 
extractors  is  negligible.  In  the  3"/^  RF,  how- 
ever, the  round  of  ammunition  is  not  rammed  all 
the. way  .into, the  chamber..  It  i^.cataptilted  \jy  a 
ramming  chain  only  6ofar,andn^dn^ntum  carries 
it  the  rest  of  tiie  way# 

This  means  that  any  resistance  (s.uch  as  thai 
offered  by' extractqrs)  to  the  fotmd  after  bei 
turned  loose  by  the.  ranuning  chain  would  serioi 
,  ly  affect  its  forward  motioni^  So,  tareUeve  tjai^ir- 
tractors  of  their  secondary  .job  ^holding 
the  breechblock  down)  and  to  make  the  gun  truly 
rapid  fire,  the  holddown  device  is  used.  In  figure 
lO^ll  you  can  see  what  tbiS  device  looks  like 
in  ihe  gun  and  how  it  is  imlocked. 

Let*s  follow  the  actions  of  the  holddowiTlby 
going  thxMTu^  a  complete  breech  meciianism  cycle. 

In  figure  lOrllA  the  breechblock  is  in  its^ 
FULL  DOWN  position.  The  operating  shaft  (under 
spring  pressure)  is  kept  from  rotating  by  the 
holddown  lever.  In  this  position  the  breechblc^ck 
pallets  are  about  an  ihcli  below  the  inner  lugs 
of  the  extractors.  '  . 

In  figure  10-113  a  round  is  being  catapulted 
into  the. gun  chamber.  The  loader's  ri^t  front 
tray  arm  is  swinging;  downwarcU 

In  figure  10-llC  you  see  a  pin  on  the  tray 
"  pushing  downward  on  the  refar  of  the  hold- 
down  latch  lever.  .This  causes  the  front  end 
of  .the  latch  lever  to  rise.  The  holddown  lever, 
which  has  been  locked  by  fi  notch  in  the  latch 
lever,  is  released*  While  the  holddown  ^ver  is 
unlocked,  it  has  not  yet  been  moved  to  release 
thQ,  operating  shaft  crank.  For. this  action  look 
at  flgHre"^  10-12.'         .  —  ' 

In  figure  10*12,  a  round  of  anmiunition  has 
swept  apross  the  top  of  the  breechblock,  engaging 
the 'lips  of '  the  extractors  and.  carryixig  them 
, forward*.  This  rocks  the  extractors,  thrusting 


their  bottoms  to  "the  rear.  The  right  extractor 
thrusts  its  push  rod  rearward  (fig,  10-12A  andB). 

.  The  transfer  lever  is  rotated  and,  throu^  its 
push  rod,  pushes  the  holddown  lever  off  the  operat- 
ing, shaft  crank  lug.  The  operating  shaft  is  re- 
leased and  the  operating  spring  rotates  it,  start- 
ing the  breechblock  upward,  » 
.  As  the  cartridge  case  was  loaded,  it  cammed 
the  shell  lock  iq)ward.  As  the  cartrld^  case 
seats  itself,  the  shell  lock  drops  down  holding  the 
case  in  the  chamber  unt^the.  breechblock  can 
close  behind  it,  .  <*1 

Before  going  on  with  the  cycle  (firing«^  breech 
lowering,  and  case  extraction),  let* shave  a  closer 
look  at  the  extractor  during  the  breech  closing, 
movements.  The  extractor  camming  grooves  here, 
are  not  fixed  aqin  the  5*V38  breechblock,  In7 
stead  tiie  grooves  are  made  variable  as  to' width 
by  a  latch  and  pawl  Eirrangement.  Tha  top  of  the 
groove  is  wide  when  the  breechblock  is  down 
waiting  for  ^  round  to  be  .loaded  (fig.  10-12A)* 
This  ^v^s  free  movement  to  tlje  ejctrfi^tors,  the . 
Nonly  restriction  to  .their  movement  being  the 
relatively  sli^t  resisCance  of  the  holddown  lever. 
Now  as,  the  breechblock,  rises  (fig.  10-12C), 
inner  Ixigs  on  the  extractors  force  the  lower 
ends  of  the  extractor  latc^s  to  the  rear.  This 
moves  the  i^per  ends  of  the  latches  forward  until 
they  are.  engaged  by  small  pawls  which  lock 
them  in  the  position  (fig.  10-12Dj.  The  camming 
^grooves  are  narrowu^d  conventional  in  ,BbB:pe^^ 
When  the  breechblock  lowers,  tbe  latches  provide 
fixed  camming  surfaces  to  the  extractor^  inner 
lugs,  rotating  thejix  and  extracting  the  empty  case. 

Breech  opening  stirts  after  the  gun  has  fired, 
recoiled,  and  then  started  to  counterrecoil.  As 
with  the  5*  738,  a  bifeech  opening  cam  contacts 
a  lug  on  the  pperating  shaft,  rotating  if^d  starts 
ix^  the  l)reech  lowering  action,  (see  fig.  10-13A). 
'  While  the  breechblock  is  dropp^ing,, extraction 
commences..  The  latches  are  locked  forward  by 
their  ^pawls  (fig.  10j-13B)^  As  the  extractor's 
i;^er  lugs  are  cammed  foz^ward  by  the  latches' 
camming  surfaces,  thee*xtractorsrockclockwise, 
flipping  the  "fempty  case  to  the  rear* 

As  the  hlocb  lowers,  the  latches,  of  course,, 
mpve  down  with  it.  As  the, pawls  pass  over  the 
extractor's  inner  lugs,  they  are  pushed  upward 
releasing  the  latches  (fig.  10-13C).  With 
the  latches  released,,  we  are  assured  that  the 
camming  action  -^ust  described  ^won't  function 
in  revQrse  as  the  block  starts  to .  rise  in  'the . 
.  next  loading  cycle.  /  -   *        ,    ,  - 

When  the  gun  has  fully  rej;unfed  to  battery^ 
thd  operating  shaft  rotates  slightly  as  in  figure 
10-13D.  The  breefihblock  comes  up  until  the 
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Figure  10-12.  — S"/6o  breech  mechardsm  .functioning  eycie-breech  61osli)g'.  A.  Shell  lock  and  ex- 
tatectol-  actions..  B.  Holddowh  lever  release,  C,  D.  Lf^tch  and  pawl  actions  fis.  breechblock  closes. 
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Figure  10-13. 3'750'  breech  mechanism  functionifig  cjclert)ree«h '  oppning.  A.  Breech  being 
.  •  '  cammed  dpgn^B.C.  Extractor,  pa\^l,  andjatch  actions.  D.  Breecli  open.  -.  -j  - 
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9perating  shaft  crank  lug  engages  the  roller  on 
the  holddown  lever,  as  it  was  when  the  cycle 
started.  '  - 

Hand  Operation 

Opening  the  breech  Is  simply  a^  mattei*  of 
unlocking  ihe  salvo  latch  and  pulling  the  hand 
operating  lever  to  the  rear.  Be  sure  to  pull  * 
the  operating  lever  down  as  far  as  it  will  go. 
If  the  breechblock  isn't  haxded  down  far  enou^ 
before  you  release  it,  the  block'may  be  ehg^iged 
by  the  extractors  (the  inner  lugs  of  the  extractors 
bearing  against  -the  pallets  of  the  breechblock), 
instead  of 'engaging  th.e  holddown  lever  with  the 
operating  shaft.  Jhe  automatic  Ipader  is  inter- 
locked with  a  breechblock  down  swit<*^to  prevent 
cycling  unless  the  breechblock  is  all  the'' way  down. 
If  this  switch  di<f  not  function  properly  ho^vever, 
a  round  would  be' catapulted  into  *'stiff-tegged" 
extractors,  and  may  come  rebounding  out  your 
empty  case  chute,  base  first,  across  the^deck. 
Routine  closing  of  the  breech  on  an  empty 
chamber  is  done  like  this;  ^ 

1.  Haul  down  on  the  hand  operating  lever  all 
the  way.' 

*^     '  ' 

2.  PulL  down,  on  the  holddown  latch  lever 
^tripping  handle.  This  takes  the  place  of  right 
"tront  tra>  arm  action  in  unlocking  the  holddown 

lever.  •         » '  ' 

3.  Trip  the  '.e'xtractors  by  pushing  them  for- 
w^d  with  a  breech  closing  tool.  » 

4.  Ease  up  on  the  hand  operating  lever,  per- 
mitting the  block  to  rlse.slowly.Elelease  the  lever 
a  cQuple  of  inches  from  its  stowed  position, 
allowing  the  breech  closing  spring  to  snap  the  plug 
to  Vts  fijU  UP  position.^ 

THE  BREECH  INTERLOCK  MECHANISM  ' 


Th^  breech  interlock  ^mechanism  is  0n6  of 
several  devices  on  the  3' '/SO  RF  whose  actions 
affect  the  operation  of  the  automatic  loader. 
Since  it  is  located  at,  and  depends  upon  the 
prpper  actions. of,  the  breech  mechanism,  it  is 
wortlj  a  brief  study  her6^ 

The  purpose  of  the  *  breech  interlock 
.mechanism  is  to  prevent  the  start  of  a  loaQing 
cycle  until:      ,     ^ ,  .  ' 


.  1.  The^breechblock  is  down. 
2.  The  empty  case  is  out  of  the  chamlier,  and, 
.3.  The  gun  is  oat  of  battery  by  not  more 
than- 3/32  inch. 

The  reasons  for  not  cycling  a  new  round  into  • 

*  the  breech  while  the  breech  is  up  or  until  the 
empty  case  has  been  extracted  are  obvious. 
It  woxdd  be  hard  on  ammunition,  to  say  theJeast. 
As  for  the  third  condition,  cycling  th3  leader 
while  the^gun  is  out  of  battery  would  cause  the 
tray  to  be  slammed  down  on  the  breech  housing. 

In  figure  10-l4  you  see^  the  arrangement  of 
thp  breech  mterlock  mechanism  as  used  on 
3-inch  loaders  MK  2  Mods  4,  6,  8,  9,  ixnd  10.  . , 
Other  mods  of  MK  2  loaders  have  slightly  differeat 
arrafigements,  but  the^gne  illustrated  is  the  most 
common,  and  hasthe  basic  coniponent^and  actions 
of  all  breech  interlock  mechanisms./ 

First,  a  little  background.  Althoteh  the  loader 
motor  runs  Continuously,  a  cycle\  cannot' start 
until  the  motor's  output  Is  connoted  to  the  ^ 
loaier  drive  unit  by  ^nga^ng  a'cli(Uiv,  Under 
normal  conditions  the  clutch'  is  eftgageU  when  the 
firing  key  is  closed.  But  when  any  of  tho  three 
'  unsafe  conditions  (mentioned  earlier^^exrst,  the 
.  breech  interlock  mechanism  moves  physically 
block  any  engagement  of  the  clutch* 

•The^  three  main  parts  pf  the  br^ch  interlock 
mecharltsm  are 'the  bore  cle^trlatchlever,  the  cam  , 
lever,  and  the  breechblock  Hself.    .  • 
/     The  latch  lever  is- pivoted /leaJC  its.  center. 
At  the  top,  it  i?  connected  ^ to  linkage  which  wiU 

*  block  the  engagement  of  the  loader  drive  clutch^ 
At  its  lower  end' the  latch  lever  protru(Jes  into 
■the  face  of  the  chamber.  When  a  round  is  in  the 
chamter,  the  latch  lever  is.camrned  to  the  left, 

-  mS(/inj^  linkage  to, stop  a  cycle,  as  already  dis-  , 

cussed.    .      '  '  s        ' '     .  ' 

Notice  that  the  bore  clear,  latch  lever  also 
has  a  small  pUi  protruding  from  its  lovver  arm.  ^ 
^.This  pin  rides  in  a^camming groove  machinedinto 
'  the  face  of  ti!e  breechblock.  vWhen  the  block  is 
down;  the  latch  l^ver  is  free  to  m'ove  over  inttf 
the  face  of  the  chamber.  If  all  other  condition^ 
are  satisfactory,  a  cycle  ^ can' be  started.  Wheft^ 
'  the  breechblock  is  up,  ho^wever,  it  cams  'the  latch,, 
lever  clockwise,  causing  the  interlock  Jinkage  to 
move  up,  blockings  new  cycle. 

Preventing  a  cycle  from  starting  while  the  gun 
i^s  out  of  battery"  is  the  job  of  the  cam,levei>. 
The  lever,ls^  attached  to  a  nonrepoiling  member 
of  the  slide.- A  cam.  mounted  <Jn  the  recoiling^ 
'  housing  forces  the  cam  lever  counterclockwl^ 
whenever  the  gun  is  niore  than  a  fraction  of  an  inch  ^ 
out  of  battery.  In  such  a.ca8e,'-the  cairt^lever 
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moves  the  -linkage  to  block  the  start  of  any  ne^ 
^  cycie.  , 

The  breoch^interlock  meohanisni  is  designed 
,  to  clear  Itself  (return  to  its  no;pmal  position  Ster 
'    a  round  has  been  fired)  by  thfe  recoil  and  counte?- 
recx?il  movements  of  the  gun.  For  the  initial  load- 
.'jng  cycle  however  {after  the  breech  has-been' 
s.  '    '  .        '       '  ' 


dropped  manually),  the  mechanism  is  cleared 
by  a  hand  reset  lever..  .  .  ' 

,  BREECH  OPERATING  SYSTEM    *  '  .  1 
FOR  5' '754  MK  42  MOUNTS 

The  devices  and  their  actions  used  on  5* '754 
MK  42  mounts  for  breechldock  operation,  and  case  * 
extraction  represent  the  latest  development  in  gun 
breech  design  iix  the  fleet  today;  The  breechblock, 
extractors,  and  fltriiig  mechanism  are  eseentialiy 
one  large  -  interlocked  ^ystemi  operated  as  a  unit 
electrically,  mechanically,  and  hydraulically. 

Figure  10-15«shows  how  the  majorpartsof  tl\e 
breech  .operating  system  are  arranged  at  the 
breech  ^nd  of  the  gun.  The^  extractors  are  not 
shown  but  we  will  study  them  later.  The  breech- 
block is  in  a  raised  positioj^ driven  there  by  a 

•  hydraulically  operated  piston  "throu^  the  clevis 
link,  a  three-cornered  pivot  link,  and  a  conr 
nector  link.  The  firing  mechanism  permits  both 
electrical  and  percussionfiring.Itiscockedby the 
sear  'holding  th^  percussion  firing  spring  com- 
pressed. The  firing  pin  itself  is  protruding  throu^ 
the  face  of  breechblock  j(with  tte  contact  sprang 
holding  it  there)  reaciy  for  electrical  firing.  When 

:  the  breechblock  Is  lowered;  the  cocking.bar  will 
be  shoved  up)vard,  rettractifig  the  firing  pin. 
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Figure  1,0-15. -'5"/54  Mk  42.  ^breechblock  op- 
-   erating  system.  f 
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Breech  Raising  And  Lowering  Cxcle 

Action  (hiring  the  breech  operating  cycles  can 
be  seen  in  figure  10-16.  These  are  simplified 
schematics  in  which,  jt'or  a  clearer  understanding, 
some  valves  and  linkages  have  purposely  been  left 
out  of  the  picture.  A  complete  rundown  on  this 
breech's  'operation  can  be  found  in  OP  1764,  Vol, 
4,  chapter  22* . 

In  figure  10-1 6A  the  breechblock  is  in  a.  down 
position.  The  breechblock  operating  piston  has 
1500  psi  working  on  both  faces  of  its  piston,  keep- 
ing it  stationary*  The  1500  psi  come sfrom  selec- 
tor valve  VW3  in  the  control  valve  block. 
>^ 

As  a  round  is  rammed  into  the  chamber,  a 
yoke  on  the  rammer  spade  strike  sftie  upper  end  of 
a  pivoted  lever,  causing  it  to  rotate  coxmter- 
'   dlocfewise.  (See  figure  10-16B),  As  the  lever 
-rotates,    it'   pulls    the   -control  ,  valve,  VW2, 
in  the  main  vedve  block  upward.  A  sp4ng"loaded 
plunger  engt^es  a  detent  groove  in  VW2's  valve 
'   stemi  keeping  tlie  control  valve  m  the  u^  position 
during  the  following  action* 

In  figure  10-16B  you  can  see  that  VW2  has 
been  lifted  far  enough  to  cut  off  all  flow  of  1500  , 
psi  t)u»ugh  the  main,  valve  block.  Sixty  psi, 
however,  is  opened  to  the  right-hand  chamber  of 

*    the  breechblpck  operating  piston.  The  lefthand 
side  of  ther  br^chblock  operating  piston,  P^Vl,  is 

*  still  being  acted  upon  "by  1500  psi  from  the  control 
valve  block*  The  forces  which  have  been  holding 
PWl  balanced  are  now  ^jnequal,  and  the  breech- 
block operating  piston  iblfaced  to  the  right. 
Through  the  operating  lliiBSl]^,  the  breechblock 
is  pushed  up  behind  the  rbund  of  ammunition. 
AE  other  conditions  being  safely  xnet,  the  gun 
fires*    '  '  ' 

'  As  the  gun  moves  aft  ih  recoil,  a  roller  on 
the  selector  valve  is  cammed  down  by  a  sloping 
surface  fixed  to  the  nonrecoiling  'slide  (fig. 
10-16C)*  This  action  ■  reverses  the' hydraulic 
circuits:  of  the  breechblock  operating  system* 
A  breechblock  lowering  cycle  (fig^  10-16C) 
commences  wheif  the  selector  valve  V^3  moves 
downward.  Higji  pressure  (1500M)Si)  now  enters 


the  system  throi^^;hJ^  uppe^^Jand  chamber  trf 
VW3,  op  throu^^^nS^i 


,  „   ^   and  iritb  the  right-hand 

side  of  the  breechblock\6perating  piston  PWl* 
At  the  same  time,  the  left-hand  side  of  P^l  has 
been  ported  to  low  pressure  through  the  lower 
land  chamber  of  the  selector  valve  VW3.  The 
-  strongest  pressure  is  now  acting  orf  the  ri^it- 
hand  side  of  PWl,  and  it  moves  left*  This  causes 


 '  7  ^ 

the  operating  linkage  to  move  (as  indicated  by 
the  arrows),  and  the  breechblock  lowers*  *  ^ 

*  * 

Empty  Case  Exti;^ction  '  ■ 

Empty  case  extraction  begins  during  the  last 
fraction  of  an  inch  of  recoil  movement,  and 
coincides  with  the  "end  of  the  breechblock  lower 
stroke*  In  figure  10-17  you  can  see  some  of  the 
extraction  devices  and  actions* 

As  the  -breechblock  reaches  its  DOWN  position, 
it  contacts  an  extractor  control  valve  VWl* 
({Before  this  contact  was  made,  VWl  was 
preventing  high  "pressure  oil  from  reachingTfie 
top  6f  the  extractor  operating  piston  PW2)* 
As  the  breechblock  pushes  the  extractor  control 
valve  downward,  high  pressure  oil  is  ported  , 
throu^  its  center  land  chamber  to  the  top  of  PW2* 
'Following  the  actions  indicate^  by  the  arrows, 
you  can  see  that  the  extractor  liiicage  pulls  the 
,  top  of  the  tractors  forward,  flipping  the  bottoms 
'  aft*  Thirextracts  the  empty  case* 

The  extractors  retract  during  the*  final  move- 
ment of  the  gun  back  into  battery*  When  the  cam 
surface  of  the  slide  permits  the-  selector  valve 
VW9  (fig.  10t16)  to  rise,  the  hydraulic  circuits 
are  reversed  once  again*  Higji  pressure  to  the 
extractor  control  valve  is  cut  off  and  PW2 
(under  spring  ^pressure)  Jump^  upward*  This 
causes  the  extractors  to  retract* 

FIRING  SYSTEM 

The  firtoK  mechanism  is  that  part  of  the 
firing  systM  house  in  the  breechblock*  The 
5'V54  filing. mechanism  is  similar  in  design  and^ 
function  ^  its  counterpart  iil  the  5»»/38  gun, 
and  is  designed  to  ignite  the  primer  electrically 
or  by*  percussion* 

The  normal  method  of  firing  (using  cortibina- 
tion  primers)  is  electrical*,  the  firing  mechanism 
acting  as  th6  final  leg  of  an  electrical  circuit 
,  which  leads  from  the  ship^s  genetator  to  the 
primer*  Percussion  firing  in  this  case  is  the- 
stsmdly  (or^metimeB  em^rgendjr)  method* 

A  TYHCAL  SYSTEM 

For  the  purpose  of  this  discussioii  we  have  se- 
lected the  5**/^8  system  because  of  its  simplicity 
and  the  vast  number  of  these  sys^nslnthe  fleet. 
This  system  was  designed  for  bbttTelectric  and 
percussion  fire*  The  components  li^iich  make  up 
this  type  of  firii^  system  must  opet'ate, to  stop 
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Figure  10-17.  —  Extractor  action (5**754  Mk  42). 

the  'firing  of  the  guns  both  electrical  and  mecha- 
nical through  a  firing  stop  mechanism.  . 

The   5**^38   firing  system^  comprises  the; 

1.  Electrical  system, 

•  -2.  Firing  mechanism  proper, 

3.  Percussion  firing.link^ge,  and 

4,  Firing  stop  mechanism,  , 


Electrical  System 


Figure  10-18  shows  in  schematic  form  th^ 
electrical  wiring  system*  for  a  typical  5**/3^ 
mount.  Normally,  |he  system  works  on  a.c.from 
the  ship's,  115-volt  supply.  The  remote  firing 
key  identified  in  the  figure  may  be  a  key  operated 
by  a  crewman  in  the  director,  a  manually-operated 
key  in.  plot,  or  ^  automatic  switcli  in  the  stable 
element  in  plot,  figure  10-18  is. a  simplified 
schematic  that  doesn't  show  all  details. 

A  local 'firing  circuit  comes  from  the  mount's 
firing  and  flighting  circuit.  Selection  of  either 


the  retnote  or  local  firing  circuit  is  made  by  the 
mount  captain  at  the  MK  15  control  panel. 
From  the  control  panel  the  circuit  goes  next 
to  a  step-down  transformer  where  the  115-volts 
is  reduced  to  20-volts,  Next  in  line  is  a  snap 
switch  operated* by  the  pointer.The  purpose, of  this 
switch  is  to  permit  the  selection  of  either 
the  circuit  from  the  transformer  (MOTOR  GEN 
position)  or,  in  an  emergency,  a  6-volt  battery 
located  in  the  moiint's  upper  handling  room. 
If  the  need  arises,  the  pointer  can  secure  the 
circuit  at  this  point  by  placing  the  switch  in 
the  OFF  position.  •  ♦ 

From  the  snap  s\yitch  the  circuit  goes  through 
the  pointer's  hring^key,  'firing,  stop  switch  (fir- 
ing cut  out  mechanism),  the firingpin, primer,  and 
on  to  ground  through  the  gun  mount  structure. 
Since  all  switches  in  the  20  volt  secondary  circuit 
are  in  series,  all  must  be  closed  before  current 
can  reach  the  primer;  the  pointer  therefore  must 
keep  his  key  closed  even  when  firing  is  fron\  a 
remote  station.  .  ^  ' 

The  firing  stop  switch,  like, the  pointer's 
key,  is  al\yays  in  the  circuit  and  will  prevent 
firing  if  not  closed.  Later^  in  this  chapter  we 
describe  in  furUier  detail'the  firing  stop  mecha- 
nism of  which  this-  switch  is  a  part. 

The  firing  stop  switch  is  an  electrical  inter- 
lock that  prevents  firing  when  'the.  gun  is  not 
pointed  in  a  safe  dii^ection.  In  3' V50  RF  mounts. 
An  the  more  complicated  electrohydraulically 
operated  gun  mechanisms  like  the  5*V54  MK  42, 
and  8-inch  rapid-fire  turrets,  this  principle  of 
electrical  interlocking  to  permit  firing  only  under 
certain  circumstances  is  elaborately  applied. 

These  are  the  componerjts  of  the  system,  and 
you  will  learn  more  about  them  later  in  the 
chapter.  Now,  let'^  look  at  the  firing  mechanism 
itself.  '        [     .  * 

FIRING  MECHANISM 

^  « 
Often  yoii^^see  the  term  '^firingmechanisnt** 
applied  to 'the  whole  combination  of  electrical* 
and  mechanical' elements  that  in  this  chapter 
we've  been  calling  a  **fifingsysfem»'.  But,  strictly 
speaking,  the^term  ''firing  mechanism'*  should  be 
applied  only  to  the  independent  assembly  in  the 
breechblock  that  comprises  the  firing  pin  and  the 
other  subassemblies  and  parts  associated  witbit, 
^metimes  tjiis  mechanism  is  called  the  J*firing 
lock*'.  This  is  an  assembly  used  for  firing  bag 
guns.  It  is  similar  in  purpose  but  different  in 
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'Figure  10-18.  — Electrical  firing  system.  S'^/SS  (simplified  schematic). 
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function  and  construction  from  the  firing 
mechanism  foimd  in  the  breechblock  of  a  5'V'38 
gun  assembly,  or  in  the  breechblock  of  any  other 
sliding  wedg^  bre^ph^gun. 

The  5'V38  firing  mechanism  is  a  cylindrical 
assembly  with  the  firing  pin  protruding  atone  end 
cocking  handle  and  firing  terminal  at  the 
othel^^]^igure  10-19  sliowstwo  views  —  an  exterior 
and  a  (i^Qiway,  'The  firing  pin  and  terminal  are 
electrically  insulated  from  tiie  other  parts  by  two 
fiber  insulating  washers  (labeled  in  fig,  10-19) 
and  the»fibe^  firing  pin  slegve.^i 

V 

When  the  firing  mechanism  is  mounted  in  its 
place,  only  the  cylindrical  mechanism  locli  is 
firmly  locked  to  the  mounting.  Tlje  other  parts 
can  slide  back  and  forth,  as  follows; 

1.  The  firing  pin  with  its  casing,  sleeve, 
washers,  firing  tenninal,  and  cocking  handle  can 
move  as  a  unit,  and  is  under  the  continuous  for- 
ward thrust  of  the  contact  spring. 

■? 

2«  The  firing  plunger,  cocking  sleeve,  _  and 
cocking  sleeve  lug  can  move  as  a  unit  and  are 
under  the*  powerful  thrust  of  the  firing  spring. 
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When  the  firing  spring  is  fully  compressed,  the 
firing  mechanism  is  cocked.  It  can  be  cocked  l^y 
hand,  when  mounted  or  when  clamped  in  a  vise, 
by  pulling  back  firmly  on  the  cocking  handle. 
To  lock  it  in  the  cocked  position,  twist  the  firing 
mechanism  safety  latch  do\vn\yard.  YoumustX50ck 
and  lock  the  firing  mechanism  in  this  way  when, 
removing  it  or  installing  it  in  th^  breechblock.. 
In  normal  operation,  the  firing  mechanisn>'is 
cocked  and  locked. by  the  automatic  functioning 
of  the  retracting  lever  and  the  sear,  as  discussed 
later  in  this' section.  .  ^  ^ 

.  ^ 

Notice  that  both  the  contact  spring  and  the  fir- 
ing spring  bear  against  the  mechanism  lock  to 
exert  their  forward  thrust  on  the  firing  pin  and 
firing  plunger  assemblies. 

The  firing  mechanism  fits  into  a  bore,  through 
the  central  part  of  the  breechblock  from  thefroftt 
face  (through  which^  the  firing  pin  protrudes) 
to  the  rear.  Figure  10-20  shows  the  rear  face- 
of  the  breechblock  as  a  phantom  so  that  we 
can  see  the  mechanisms  within.  The  sear  is  a 
spring-loaded  rod  in  a  transverse  Jhole  opening 
into  one  of.  the  .grooves  in  the  left  sideof  the,- 
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Frgure  10-19.  — Firing  mechanism  (5''/38).  Exterior  and  cutaway. 
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breechblock.  It  normally  engages  the  cocking 
sleeve  lug.  The  sear  i&  cut  away,  however,  so 
that  when  it  is  pushed  in  (to  the  right,^against  its 
spring),  the^lug  is  fVee  to'  move  forward. 

Also  engaging.the  sear  is  the  sear  safety  latch, 
another  spring-loaded  rod  in  a  diagonal  hole 
drilled  in  the  breechblock.  When  the  breechblock 
is  closed,  the  slower 'end  of  the  latch  ridesxjp 
the  operating  shaft  central  arm  •  of  the  breech 
mechanism. 

Where  the  latch  crosses  the  sear,  it  is 
pfurtly,  cut  away,  and  a  ridge  (the^  safety  latch 
tongue)  m  the  cutaway  portion  can  engage  an 
annular  groove  that  rings  the  sear.  When  the 
breechblock  closes,  the  operliting  shaft  central 


arm  caiTis  the  safety  latch  up  so  that  ^e  tongue 
is  disengaged,  and  the  sear  can  move  to  the  right. 

Now  let's  look  into  the  breech  mechanisrn*s 
functiohing  in  electric  and  percussion  fire,  de- 
scribing the  other  mechanisms  involv^  as  "we 
go  along. 

ELECTRICAL  FIRE.— In  electrical  fire,  the 
firing  mechanism*s  function  is  to  Inake  good 
electrical  contact  with  the  prim&^base  when  thfif 
breech.is  closed.  Th%  elaborate  6y|tem  including 
the  firing  spring,  firing  plunger sear,  safety 
latch,  and'  so  on,  described,  &1ie^  paragraphs 
earlier,  plays- no  part  in  electric  firing.  In  the 
firing  mechanism  the  parts  essentiid  to  electrical 
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Figure  10-20.  —  5"/38  firing  mechanism  and  associated  components  in  breechblock. 
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ELECTRIC  FIRING  TERMINAL 
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Figure  10-21.—  Functioning  of  5"/38  firing  ^mechanism  in  electrical  fire.  A.  Firing  mechanism 

parts.  B/ Retracting' lever,  . 


fire  are  the  firing.pin  proper,  Uie  contact  spring, 
and, the  firing  terminal  (fig.  10-21A). 

The  firing  oable  Is  connected  to  the  terminal 
and  moves  up  and  down  with  the  breechblock.  The 
firing  cui'rent  travels  through  .the  firing  terminal 
and  pin. 'The  contact* spring  holds  (tie  point  of 
the  firing  pin  firmly  against  the  primer  to 
ensure  good  electrical  contact.  To  do  thiSr  the 
tip  of  the  firing  pin  must  protrude  from  ti>e  face 
of  the  breechblock  (fig.  10-21  A),. 


However^  when  the  breechblock  is  in  any 
position  other  than  completely  closed,  a  protirud- 
ing  firing  pin  tip  is  a  hazard  — it  can  short  the 
firing  circuit,  foul  a  cartridge  case,  or  be  bent 
out  of 'alignment  and  jam.  Hence  the  firing  pin 
M]gf  must  be  retracted  whenever  the  breechblock 
is  not  fully  closed.  The  component  that  does  this 
'  is,  the  reti^'acting  lever  (fig*  10-21B).. 

The  retracting  lever  rocks  on  a  pivot  in  the 
breechblock.  It  is  linked  to  the  central  arm  so 
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that  when  the  breech  is  open,  its  busines?  end 
pushes  the  firing  pin  backward;  when  the  breech- 
block rises  to  closed  posi.tion,  the  lever  rocks  the 
other  way  so  .that  the  contact  spring  can  push 
the  firing  pin  forward  again  (fig*  10-21B). 

When  the  breech  is  open,  me  retracting  lever 
also  cocks  the  firing  spring.  Remember  this  for 
the  discussion  on  percussion  firingwhicl;ifollo\vs# 

PERCUSSION  FIRE.  — In  percussion  firing, 
the  primer*s  shocl^sensitive  base  must  receive 
a' substantial  mechanical  impact.  As  you  remeni- 
ber,  this  is  done  in  smsdl-arms  weapons  and  ma- 
chine guns^by  using  a  firin'^pin.  When  the  firing 
control  or  trigger  is  operated,  the  firing  pin 
,  is  driven  forward  by  a  strdhg  spring,  by  camming 
action,  or  by  the  inertia  of  the  f6r\vard-mo\ing 
bolt,  ^and  »ihe  shot  is  fired  when  the  pin  collides 
\  ,  with  the  primer. 

*  In  -  the  ^5*V38,  firing  mechanism  the  -firing 
pin  maintains  a  firm  contact  with  the  primer 
so  long  as  the  breechblock  is  closed.  The  imp^act 
necessary  to  setoff  the  pri&ier  is  developed  else- 
where in  the  firing  meqhanism;  the  firing  pin 
merely  transmits  the  blow  much  as  a  drift  or 
nail  set  transmits  th^  blow  of  a  hammer. 

;To  see  just  how  this  is  done,  let  us  now  trace 
the  operation  of  the  percussion  firing  systefu 
on  a  5**/38  mount,  starting  with  the  foot-firing 
treadle^  operated  by  the  pointer,  and  continuing 
through  its  linkage  to  the  firing  mechani&ni  inthu 
breechblock. 

Structurally,  the  ,  linkage*  from  'the  firing 
,treadle  to  the  slide  is  part  of  the  carriage. 
The  arrows  in  figure  10-22  show  how  each  part  of 
the  linkage  moves  when  the  pointer  steps  on 
the  treadle.-  The  treadle  tilts  down,  swinging  the 
rectangular  connection  lever  assembly  aft,  and 
so  rotating  the  fir.ing  rod.  (The  encircled  area 
in  thp  figure  encloses  a  clutch  connection,  and 
'  is  part  of  the  firing  .stop  mechanism  to  be 
discussed  later).  A  firing  rod  lever  at  the  top 
of  the  'firing  rod  pushes  the  outesr  push  rod,  which 
runs  i^iboard  ^through  the  center  of  the  trunnion. 

In  turn,  the  oMter  push  rod  rotates  the  lower 
portion  of  the  pivoted  trip  plate  mounted  on  the 
inner  surface  of 'the  slide.  Inward  movement  of 
the  trip  plate  is  transmitted  to  the  inner  push 
rod  in  the  housing.  The  inner  pusb  rod  finalizes, 
the  entire  purpose  of  this  linkage,  which  is  to 
push  the  sear  to  the  right. 

You  can  depress  the  foot-firing  treadle  at  any- 
time, but  note  two  important  safety  features  of 
tlUs  linkage: 


1.  Thu  tiip  plate  can  push  the  inner  push  rod 
oalj^'ivhcu  thc.^.^gitn  is  conipletely  in  batte^yv^ 

2.  Tlib  innei  ^uiSi  i-od  can  push  the  sear  only-) 
when  the  breechblock  is  fully  closed. 

In  shoit,  the  whole  linkage  described  does  but 
one  thing— it  pubheb  the  sear  to  the  fight.  The 
sear,  in  turn,  releases  the  niechanisni  that  causes 
the  firing  pin  to  set  off  the  cartridge  primer.  ' 
Let's  now  look  Uiore  cloi>ely  at  how  this  is  done. 

TKe  -ieti  acting  lever  pulls  back  the  firing  pin 
when  thu.bieeoh  opens,  compressing  the  contact 
spring..  It  also  coniprebses  tjie  firing  spring. 
When  the  breechclot>es,  the  retracting  lever  per- 
mits the  fiiingpintOHiOve  forward  again  under  the 
thrust  \}i  the  contact  spring.  But  the  finhg  spring^ 
reniains  coniprcbsed  because  the  sear  engages  the 
cocking  lug,  and  doeb  not  let  the  firing  plunger 
assembly  move  forward.  (See  position  I,^'fi^. 
10-23A).  \  ^  ^ 

•  When  the  firing  treadle  goes  down,  the  sear  re- 
leases the  cocking  lug,  and  the  powerful  firing 
spring  drives  the  firing  plunger  solidly  against 
the  thi'ust  bushing  and  the  firing  pin,(position  II). 

To  see  hov*  the  sear  controls  movement  of  the 
cocking  lug,  #tudy  figure  10-23B.  The  lug  bears 
against  the  shoulder  of  the  sear.  When  the  sear  is- 
pushed  to  light  (arrow)  b>  the  firing  linkage,  the, 
lug  can  pass  thiough  the  cutaway  section.  When  the 
fiungauechanisiii  i&  cocked  again,  the  sear  spring 
pushes  the  sear  back  to  the  left. 

Figure  10-24  shows  what  the  safety  latch  does. 
It  functions  to  prevent  sear  movement  when  the 
breech  is  not  fully  closed.  When  the  breechblock 
is  even  slightly  below  breech-closed  position,  t^te 
latch  is  pushed  down  by  the  spring,  (arrow 
until  its  tongue  engages  the  annular  groove  in  the 
seari  thus  locking  it.  Only  when  the  breechblock  is 
fully  closed  and  the  central  arip  has  risen  to  the 
lop  of  its  movement  (arrow  2^  is  the  safety*latch 
pushed  upward  (arrow  3)  by  a  flat  spot  on  the 
operating  shaft  central  arm.  This, disengages  the. 
tongue,  permitting  the  sear  to  move  when  thefqot- 
firing  treadle  is  depressed. 

FIjUNG  STOP  MECHANISMS 

A  long-range,  heavy  weapon  like  a  turret 
gun  or  dual  purpose  gun  can  don  number  of  things 
that  a  small  weapon  like  a  rifle  or  a  caliber 
*50  machine  gun  cannot.  It  can  strike  a  targpt 
with  a  much  greater  destructive  force.  Unfor- 
tunately, it  also  can  direct  .destructive  fire  on 
the  vessel  aboard  which  it  is  mounted. 

The  reason  for  this  is  that  in  heavy  weapons 
the  gun  bore  axis  can  diverge  considerably  from 
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Figure  10-22,  —  5* */38  firing  system.  Percussioh  firing  linkage. 
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the  line  of  sight  to  the  target.  Especially  in 
enclosed  mounts  where  field  of ^ view  is  consider- 
ably restricted,  a  line  of  sight  that  looks  perfect- 
ly clear  through  the  sight  telescope  may  have 
the  gun  bore  axis  right  in  line  with  the  ship's 
siq>er structure,  an  adjacent  mount,  a  stack,  a 
mast, /or  a  radar  antenna.  The  fire  control 
director,  rafiar  and  all,  cannot  prevent  this,  nor 
can  the  computer  nor  the  on-mount  sights.  In 
anything  .bigger  than  a  light  machine  gun  in- 
stallation, firing  into  youx  ship  n^ust  be  prevented 
automaticially. 

This  prevention  can  be  done  in  several  ways. 
One  is  to  Umit jnechanically  how  far  the  gun  can 
b^  depressed^  This  is  done  on  many  20-mm 
mounts,  Uie^oepression  limit  is  determined  by  a 
circular  cam  surrounding  the  stand  and  the  gun 
cannot  be  depressed  to  fire. into  the  ship. Another 
is  to  build  into  the  mount  powex  drive  provisions 
for  elevating  the  guns  above  obstacles  on  the  ship 


when  ttie  mount  i§  trained  inboard.  But  by  far 
the  most  common  way  is  to  equip  the  mount  . 
with  a  firing  stop  mechanism,  a  device  which  per- 
mits the  gun  to  be  trained  throu^  an  unsafe 
firing  zone  but  intern^)ts  thb  firing  system  both 
mechanically  ancl  electrically,  then  when  ,  the 
mount  is  trained  once  again  in  a  safe  direc^on, 
the  device  automatically  restores  the  firing 
system  to  normal  operation.  •  ,  ' 

In  all  gun  mounts  from  40-mni  to  5-inch  the 
firing  stop  meclianisms  are  sinailar  in  principle, 
thou^  you  will  find  differences  in  the  linkage  * 
connecting  the  firing  stop  mechanism  to  the 
reniainder  of ,  the  firing  system.  In  . rapid  fire 
3'V50  mounts  the  firing  stop  mechanism  inter- 
rupts only  the  electric  fifing  circidt,  and  has  no 
effect  on^rcussion  fire#  (Note;  Ctirrently  3"/50  . 
guns  use  electricfiringonly).In40-mm  and  5-inch 
mounts  the  firing,  stop  mechanJ^sm  can  prevent  both 
electrical  and  percussion  fire. 
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ELEMENTS  OF  TYPICAL' FIRING 
STOP  MECHANISM  (5"/38)  , 

ThQ  main  conaponents  of  the  firing  stop  mech-  , 
anism  are  shown  in  figure  10-25A.  The  heart  of  it 
is  the  firicig  stop  cam  plate  (fig.  10-25B). 

The  firing  stop  profile  cam  plate  (fig.lO-25B) 
is  contoured  to  corresponji  to  the  Chip's  firing 
and  nonfirlng  zones.  Crossing 'the  cam  Is  the* 
elevation  input  shaft,  which  moves  toward  the 
center  of  the  cUm -plate  when  the  gun  elevates 
and  outward  from  the  center  when  it  depresses. 
^Housed  In  the  lower  end  of  the  elev^on  input 
shaft  Is  the  firing  stop  plillnger  which  Is  held 
In  contact  with  the.  cam  plate  by  a  spring  loaded 
plunger  lever. 

i 

Each  position  of  the  firlrijg  stop  plunger  on  the 
cam  plate  corresponds  to  a  specific  position  of 
gun  tralp  or  elevation.  ^ 

The  firing  stop  cam  plate  Is  «o  cut  that  the 
low  places  correspond  to  positions  In  which  the  giln 
may  safely  be  fired;  tiie.  high  places  to  gun 
positions  In  the  nojiflrlng  zone  In  which  tiie' ship's 
structure  would  be  damaged  If  the  gun  could  fire. 
The  ability  of  the  gun  to  fire  Is  controlled  by  the 
position  of  the  plunger.  When  It  is  in  the  low  area, 
the  gun  can  ilre;  when  It  rises  to  the  hi^  area. 
It  breaHs  an  electrical  contact  In  the  Siring  circuit 
and  disengages  a  clutch  In  the  foot-flrlng linkage,' 
preventing  both  electrical  and  percussion  fire 
(fig.  10-26B)r'Just  where  fire  Is  I)ermltted  ahd 
wher^  it  Is  prevented  depends  ^on^how  the  firing 
cutout  cam  Is'ciit. 

•  Figure  10-26  shows  a  5*  V38  mount  firing  stop 
mechanism.  In  view  B,  the  mount  has  trained  to  a 
dangerous  poslkon.  The  plunger  has  risen  and, 
throu^  the  linkage,  broken  electrical  contact  and 
disengaged  the  clutch  to  the  foot-flrlng  treadle. 
Differences  among  40-mm,  3-lnch,  and  5-lnch 
mechanisms  lie  In  details  of  linkage  connections, 
to  ^  firing  ^stem  and  to  elevation  and  tralji 
gear,  and  In  electrical  details.  Otherwise  all  are 
similar. 


NONPpINTING  ZONES 

Nonpolntlng  zones  are  zones  Into  which  the  gim 
cannot  train  or  elevate.  They  protect  the  gun 
against  physical  obstructions  to  the  train  and 
elevation  movements  and  prevent  firing  Into  the 
ship's  ^tmcture.  When  the  gun  approaches  a  non- 
polntlng zone,  special  ^cults  within  the  train 
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Figure  10-25.— Principle^  of   the  firing  stop 
mechanism.  A*  Main  components.  B.  Firing 
.  stop  cam  plate. 

train  arouhd  the  affected  zone.  When*th6  gun  has 
p|issed  the  zone,  normal  operation  "resumes, 
aod  elevation  systems  cause  the  gun  ^elevate  and 
Figure  10-27  shows  a  simplified  arrangement 
of  nonpolntlng  zones  aboard  shlp..'5lilp  type  of 
cutout  system  Is  used  with  the  5»'/54  MK  9  gun 
mounts,  ^onpolntlng  zones  can  be  arranged  with 
one,  two  or  three  levels.  The  automatic  pointing 
cutout  mechanism  Is  located  within  tlie  train  and 
elevation  receiver  regulators. 

AUTOMATIC  OPERATION 

The  ututomatlc  pointing-cutout  system  actuates 
the  train  and  elevation  limit- stop  mechanisms  to 
override  gun  laying  orderQ.  The  limit-stop  mech- 
anism prevents  the  gun  from  driving  beyond  Its 
designated  limits.  The  llrjilt-stop  mechanisms  do 
not  Interfere  with*  normal  gun' laying  movements 
within  the  mount  limits. 
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Figure  10-26.— Firing  stop  .mecKanism  for 
5"/38  njount.  A.  Exterior.  B. '  Funbtioning 
of  interrupt  fire. 


TJie  pointing-cutout  system  receives  position 
and  position-pluftrlead  signals  from  the  traih  and 
elevation  systems.  When  position-plus-lead  sig- 
nals indicate  that  the  gun  has  moved  aw^y  from  a 
nonpointing  zone,  th6  gun  orders  resume  cotitrol  of 
the  mount. 

Figure  10-28  shows  ^he  path  taken  by  the  gun  as 
the  pointing  cutout  sy  stdhi  combines  the  tr^  and 
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Figure     10-27,- Typical     nonpointing  zone 
arrangement.  ■ 


elevation  signals  to  detour  the'Tgun  over'  the  non- 
pointing  zones.  Numbers  on  the  illustrated  route 
indicate  the  sequence  of  events  producing  the 
detour. 

At  point  1,  the  mount  train  position-plus-lead 
switches  fojr  the  zone  o^n  and  activate  the  eleva- 
tion automatic  pointing  cutout  system.  After  a 
short  transition  period,  the  gun  barrel  begins  to 
elevate. 

At  point  2,  the  train  limit-stop  cam  is  stopped 
by  the  limit-stop  piston  shown  ih  fig.  10-29.' 
After  a  short  transition  period,  the  mount  train 
power  drive  begins *to  decelerate.  ^ 

(Note:, Because  the  gun  barrel  already  ispomt- 
ing  below  .the  nonpointing  zone,  the  train  automatic 
pointing-cutoiit  system  has  already  been  acti- 
vated).  ,  .  ; 

At  point  3,  gun  train  movements  stops  and  gun 
elevation  movement  continues  until  it  reaches  a  ' 
iJoint  above  the  zone. 

At  point  4,  a  position  'switch  in  the  elevation 
receiver-regulator  clos^,  deactivating  the  train 
pointing  cutout  system  andpernalttingthemount'to 
resume*training.      ^      *  ' 

At  point  5,  the  elevation  power  drive  is  stopped 
and  the  train  power  drive  continues  driving. 

At  point  6,  the  mouiit  synchronizes  with  the  rer 
mote  elevation  order  and  continues  tracking  the 
targets  • 
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Figure*  10-28.  — Pointing-cutout  operation. 
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Figure  10-29.  — Limit-stop  cam.% 
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At  point  7,  the  train-receiver-regulator  po- 
sition switches  close,  deactivating  the  elevation 
pointing,  cutout  system.  This  action  has  no  effect 
'upon  mount  operation  unless  the  targqt*s  position 
is  l>elow  the  nonpointing  zone.  Deactivating  the 
elevation  pointing  cutout  system  frees  the  gun  so 

that  it  can  depress  and  synchronize  with  gun  order  Elevation  Response  Inp 
signals.  \ 


the  same  speed  as  the  mouixt  so  that,  as  the  *mount 
rotates  360  degrees,  the  cam  makes  one  complete 
revolution.  *      «  , 


FIRING  CUTOUT 

The  firing  cutout  (fig.  10-30)  interrupts  the 
'firing  circuit  whenever  the  linerof-fire  of  the  gun 
nears  ship  structure.  (Normally,  the  pointing- 
cutout  prevents  this  occurrence).  Response  shafts 
from  the  CAB  unit  B-ends  send^iodications  of  gun 
position  to  the  firing  cutout  mechanism.  Whenever 
,th^  responses  indicate  that  the  gun  is  entering  an 
established  danger  zone,  the  firing  cutout  switch^ 
opens  the  firing  cutout  circuit.  Train  and  eleva- 
tion response  inputs  operate  the  firing  cutout 
mechanism.  The  ^firing  cutout  mechanism  (fig* 
10-31)  consists  of  "ji  firing  cutout  cam,  a  cam 
foUowei:,  a  rocfce^  arm  switch  actuator,  and  a 
firing  cutout  switcn* 

\ 

Traii\  Response  Ingjjit 


The  train  input  rotates  the  firing  cutout  canri 
through  appropriate  glaring.  The  cam  rotates  at 


The  elevation  input  rotates  a  worm  gear  which  ' 
moves  the  cam  follower  back  and  forth  on  a  guide 
shaft.  A  cam  follower  pin,  with  a  ball  bearing 
on  each  end,  rides  in  a  hole  drilled  thirougfi  the 
cam  follower  (fig.  10-31).  As  the  cam  foUowei* 
moves  along-side  the  cam,  one  end  of  the  follower 
pin  rolls  along  the  surface  of  the  cam,  and  the 
other  end  rolls  along  the  bottom  of  the  rocker 
arm.  The  follower  pin  moves  at  the  relative  rate 
of  the  gun.  At  the  gun  moves  between  its  eleva- 
tion limits,  the  fbllower  pin  moves  from  one  end 
of  the  cam  t6  the  other.  ^    ,  . 


Rocker  Arm  And  Firing  Cutout  Switch 


The  rocker  arm  pivots  on  a  Horizontal  pin 
pajrallel  to  the  firing  cutout  cam.  A  spring  jDn  the 
top  of  the  rocker  holds  the  follower,  pin -firmly 
against  the  cam  and  the  bbttomoftiie  rocker  arm. 
A  firing  cutout  switch  is  actuated  whenever  the 
cam  follower  pin  puslies  the  bottom  of  the 
rocker  to  the  left.  ,  ' 
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Figure  10-30,  — Firing  Qutout  mechanism  and  response  gearing. 


Firing  Cutout  Cam 
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TESTING  FIRING  SYSTEMS 


A  firing  cutout  cam  is  designed  and  cut  for 
each  mbunt  during  shipboard  installation.  An 
outline  of  the  firing  cutout,  zones  forms  raised 
areas  on  the  cam  sui:face.  Assume,  for  example, 
that  the  firing ,'fci\tout  zones  appear  as  showo  in 
figure  10-31.  and  10-32.  The  cam  is  alined  to  the 
train  and  es^evation  i:>putfe  so  that  the  follower  pin 
rolls  up  on  a  raised  area  whenever  the  gun  starts 
to  enter  a  cutout  zone.  When  the  follower  pin 
rolls  up  on  a  raised  area,  the  pin  and  the  rocker 
awn  are  shifted  left  (fig.  10-31).  The  switch 
actuator  opens  the  firing  cutout  switch  to  interrupt 
the  firing  circuit  (fig*  10-33).  When  the  folIo>\pr- 
pin  moves  off  a  raised  area  on  the  cam,  the  cutout 
switch  clo*ses  and  completes  the  firing  circuit. 

The  firing  cutout  ^switch  operates  three  indi- 
cating lampp.  Wfien  the  switch  is  closed,"  a 
FIRIls^G  ZONE  CLEAR  indicating  lamp  li^ts  on 
the  EP2  paneU  When  the  switch  is  open,  the 
FIRING  ZONE  CLEAR  indication  goes  out,  a 
FIRING  ?:ONE  NOT  CLEAR  in^cator  lights  on 
the  EP2  panel,  and  a  DANGER  SECTOR  indicator 
lights  on  the  EP4  pTanel.  .        -  .  * 


Testing  the  firing  stop  ckms  shown  in  figure 
10-26  is  done  in  the  following  manner: 


t4!fl^fip^t 


1.  Connect  a  voltmeter  or  testdaifip  lietween 
the  rear  of  an  installed  firing  mechanism  and 
ground. 

2.  Complete  the  firing  circuit  as  for  actual 
firing.  Close  the  pointer's  key  if  you  are  test- 
ing for  ^ocal  fire,  and  both  the  pointer^s  key  and 
the  master  key  if  testing  by  remote  fire. 

3.  Train  and  elevate  the  mount  around  the 
ship's  silhouette,  bringing  the  gun  barrels  in  and 

-^out  of  the  nonfiring  area. 

4.  When  in  the  safe  firing  area,  the  test^lamp 
or  Voltmeter  should  regijster  the  presence  of  the 
20-volt  firing  current.  Check  to  see  that  the 
firing  linkage  moyement  is  reaching  the  pointer's 
foot  pedals  (This  tests  for  proper  action,  of  the 
percussion  firing  linl^ge)^ 

5.  When  trained,  into  the  ship^s  superstruc- 
ture, the  test  lam^  or  vojtpieter  should  show  the^ 
absence  of  ,a  20-volt  firing  current.  The  percus- 
sion firing  linkage  should  be  disengaged  from  the 

opointer^s  foot  pedal. 
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Figure  10-31»— Firing  cutout  cam. 


Once* installed  aftd  tested,  firing  stop  cams  are 
fairly  trouble-free  devices.  Other  than  the 
'ocgasional  check  just  described,  there  is  very 
little  else  you  can  do  with,  them.  This  is  not  the 
end  of  your  maintenance  however.  Regularly  (the 
frequency  depends  upon  the  particular  m9unt)  the 
firing  system  as  a  whole  must  be  tested.  In 
largq  part  this  deals  with  the  electrical  firing 
circuit. 

In  testmg  the  electrical  firing  system,  you 
check:  -  . 

1^  CONTINUITY  — that  is,  does  the  electrical 
firing  impulse  get  through  to  the  firing  pin? 

2,  INSULATION  — that  is,  does  the  electrical 
ficmg  impulse  leak  through  the  insulation  so  that 
it  either  is  We^ak  or  completely  fails*  to  reach  the 
firing  pin  ?  . 


Continuity  and 
loading-  the  gun. 


insulation  are  tested  without 


.  The  continuity. test  is  done  with  a  small  test 
lamp  leaving  two  ^insulated  leads  With  metal  tips. 
Hold  one  tip  against  the  terminal  of  the  firing  pin 
and  the  other  against  an  unpainted  dry  spot  on  the 
slide  or  housing,  (This  is  called  GROUNDING  the 
lead).  When  the  firing  key  is  closed,  the  lamp 
should  glow,  (See  fig,  10-34A)* 


This  test  is  conducted  using  /&ot  only^  the 
pointer's  key,  but  all  remote  faring  keys  as  well. 
That  is,  the  keys  ajt  the  director  and  in  plot,' 

The  insulation  test  involves  the  use  of  a 
megger  —  an  electrical  measuring  instrument  that 
indicates  the  resistance  of  insulation.  To  make 
this  test,  attach  one  lead  of  the  instnunent  to  the 
firing  terminal  and  ground  the  other,  (See  fig, 
10-34B),  Then  turn  the  handcrank  of  the  megger. 
The  needle  on  the  instrument  should  indicate 
at  least  one  megohm.  If  the  reading  ia  loweT, 
inspect  the  insulation  of  the  wiring  in  the  firing 
circuit.  Most  commonly,  when  there  is  insulation 
failure,  it  takes  place  in  the  firing  lead,  and  that 
is  where  you  should  look*  first  for  baye  Wires, 
frayed  insulation,  and  so  on.  Always  inspect  the 
firing  lead,  regardless  of  test  results,  to  be 
sure  that  it  isn't  kinked,  doesn't  fou^  some' part 
of  the*  gun,  and  hasn/t  any  oil  or. grease  on  it. 

All  the  tests  me.ntioned  so  far  have  ended  at 
*the  firing  mechanjism.  The  final  test  is  to  put  a 
primer  in  a  test  case,  ram  it.  home  (by  hand), 
then  kick  it  Out  using  the  foot  pedal.  Next,  put 
V  another  primer  in  the  test'  case,  and  this  time 
use  the  firing  circuit  andw  firing  kej  to  set  it 
off  electrically.  If^the  primer  in  either  casfe  fails 
to  go  off,  examihe  tiie  firing  mechanism.  The 
tisual  electrical  casualty  is  that  the  firing*^pin 
propA:  is  grounding  to  the  breechblock  tnrou^  the 
firing  mephanism.  .  Make  sure  the  firing  pin 
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Figure  10-34.  —  Filing  circuit  €?tfectxical  tests 
(5"/38).  A.  Testing  firing  circuit  continuity 
with  test  lamp*  B.  Testing  firing  circuit 
insulation  with  megger. 


insulatioa  is  clean  and  dry,  that  the  forward  and' 
after  insulating^washers  aire  in  place,  tod  that 
there  is  no  accumulatipp  of  grease  on  the  firings 
mechani&iu  or  in  its  bore  in  the  bxeecliblock. 

©ne  final  word  of  caution.  You  should,,  iirst 
reoiOV*e  your  tompions  before  testing  the  firing 
circuit  with  primers.  There  is  Sufficient  force 
in  an  exploding  px^Jmer  to  blow  your  tompions  out 
of  the  muzx^e  ana  over  the  side.  «- 

PREPARATION  FOirFIRlNG  ^ 

All  gun  systems  require  preliring  and  post  fir- 
ing checks  as  Nvell  as  routine  periodic  maintenance 
anc^  tests.  Pre  firing  checks  fpr  the  breech  mech- 
.  aniJsn\s  and  associated  systems  are  most  impor- 
tant to  ensure  proper  operation  and  safety  during 
firing.  .The  procedures  depend  upon  doctrine  for 
the  fnount'or  turret  concerned.' Some  weapon  sy-. 
stems. use  as  guides  approved  check-off  lists; 
others  use  appropriate  system  publications  oi* 
m^ntenance  requirement  cards.  Some  ^  of  the^ 
itenis  we  have  discussed  in  this  chapter  apply' 
to  kll  gun  systems:  ^ 

,    1.  Testing  firing  circuits. 

2.  Checking  breechblock  operations. 

3.  Checking  operating  lever  of  breech  mecha- 
nism to  ensure  proper  operation  of  the 
salvo  latch.  ^  ^  ^  • 

4.,  Testing  firing  stop  and  cutout  systems. 


SAFETY  ,     -   '  . 

Proper  mainterfance  and  operation  of  tl^ 
breech  mechanism  and  associated  systems  are 
of  fjaraniount  importance  in  maintaining  safe  giin 
conditions.  *  5 
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The  history  'of  rocket  development  covers  a» 
span  of  eight  centuries.  Both  rackety  and  guns 
were  developed  within  the  same  time  period  but 
guns  attained  supremacy  because  of  their  greater 
accuracy.  *  '    .  - 

The  Intense  development  of  rockets  during 
.World  War  II  stemmed  from  a  need  for  greater 
firepower  t^at  did  not  require  heavy  and^ela- 
borate  .substructures  to  sustain  weight  and  coun- 
teract recoil..  This  need  was  particularly  acute 
in  area  bombardment  of  beachheads  and  in 
Increased  coverage  patterns  in  antisubmarine 
warfare  where  accuracy  could  be » sacrificed. 

^  '  Twd  of  thfe  eaj^y  rocket  jsystems  developed 
wfere  an  antisubmarine  ahead-thrown  rocket  pro- 
jector called  a  hedgehog  and  a  barrage  launcher 
designed  for  in^talla^ioti  on  medium  size  landing 
craft,  ^s^  the  need  for  new  weapon  systems. 

Jncreased  arid  fire  control  systems  and  rockets, 
became  more  dependable,  new  ideas  developed, 
which  adapted  the'*rocket  arid  missile  to  replace 
^n* ammunition  and  depth  oh^rges  in  some  types 
of  warfare.      *    \  "  - 

In  this  chapter  we  discuss  shipboard  rocket 
launchers  and  projectors. 

To  advance  to  Gunner*s  Ma^G  2  you  must 
be  able  to  operate,  maintain,  repair,  and  adjust 
power  driven  rocket  lanuchers  and  projectors  and 
their 'a8S09iated  equipment.  You  will  also  have  the 
responsibilities  of  Jaiincher  captain  and  must  be 
abl^  to  supervise  crews  in  the. safe  and  proper 
procedures  for  loading,  handling,  and  stowing 
?;x>cWet  ammunition.    '  ^ 

Thp  discussion  here,  because  it  is  limited  to 
but  one  chapter,  omitfe'-many  details.  You  are 
responsible  for  keeping  up-to-date  on  the  equip- 
ment with  which  ypu  work.^'ecessary  information 
is  supplied  in  ordnance  OPs  ;and  ODs  related  to 
that  system  installed  aboard  your  ship. 

This  chapter  is  divided,  into  four  parts  and 
includens: 


1.  Antisubmarine  defense 

2.  Poii;t  defense 

3.  Decoy  launching  system 

4.  Safety 


r 


ANTISUBMARINE  DEFENSE* 


The  Navy's  wartime  mission  is  to  maintain 
compiand  of  the  sea  so  that  we  can  use  it  and  att 
the  same  time  deny  its  use*  to  the  enemy.  The 
guideld  missile  adds  a  ne\^  method  of  attack  by 
enemy  naval  vessels  which^can  operate  hundreds 
of  miles  froi?i  our  shores  and  syil  have  the 
capability  of  launching  guided  missiles  with- 
nuclear  warheads  against  our  cities.  It  is  no 
lor^r  enou^  to  prevent  submarine  attacks  on  our 
own  or  alUed  shipping  and  naval  vessels,  Im- 
portant* as  it  is,  it  now  becomefe  necessary 
to  protect  our  own  cities  against  missile  carrying 
Submarines  whereveir.they  may  be.      '        '  / 

A^inst  this  threat,  unprecendented  in  the  • 
history  of  warfare,  it  is  the  Navy's  primary^ 
responsibility  to  maintain  'constant  vigilance  and 
to  be  continuously  prepared  to  prevent  and  counter 
enemy  attacks.  ''Antisubmarine  warefare**  (ASW) 
now  has  an  add^d  dimension.  The  new  requirenient^ 
calls  Tor  finding  and  keeping  under  surveillance 
all  enemy  submarines  before  they  can  reach 
a  position  within  missile  launching  range  of  our 
coasts.  Because  of  this  submarine  threat,  our  Navy 
forces  have  to  ife  kept  at  sea  for- long  periods. 
It  should  be  understood  that  you  as  an  active 
duty.  GunneJr's  Mate  stand  a  very,  good  chance 
of  being  calledupon  to  participate  inanfisubmarfne  . 
defense. 

Most  of  what  has  beeii  devefoped  t^^way  of. 
detecting,  locating,  and  attacking  enemy  sub- 
marines by  our  surface  forces  cannot  be  revealed 
in  this  text  clue  to  security  reasons*  Jn  this 
section  we'-are  primarily  concerned  with  the  types  ; 
of  equipment  used  to^uncH  wea|)ons.  against 
submarines.  '\  .  .        .     u  • 
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PROJECTOR  MK  15  MOD  0    ^  .  *  • 

The  Mk  15  Mpd  O  prtfjector, ,  (nicknamed 
/•hedgehog^')  is  used  on  older  type  DEs.  It  can 
fire  24  charges  in  rapid  sequence  so  that  they 
strike  the  water  in  a  circular  pattern  alxjut  200 
feet  in  diameter.  • 

The  65-lb, projector  charges  contain  their  own 
propelling  charge.  The-  hollow  cylipdrical  tail  " 
of  the  char^  fits  over  a  rod  or  spigot  on  the 
projector.  When  the  charge's  electric  primer  is  * 
ignited  by  a  firing 'current  through  the  firii^ 
,pin  in  the  spigot,  it  sets  off  the  propellii^"  charge. 
The  gas  j^roduced  by  the  burning  propellant,  as 
it  expands,  exerts  a  downward  thrust  on  the  spigot 
and  ^  upward  thrust  on  the  projector  charge. 
Since  the  spigot,  is  sup{x5rt^  by  the  ship,  only 
the  projector  charge  can  yield  to  this  thrust, 
which  it  does,  thereby  being  hurled  into  a  hi^ly 
arched  trkjeqtory  and  into  the  water.  The*charge*s 
fuze  arms  aft^r  about  15  feet  of  travel  in  the 
water. 

Figure^ll^lA  shows 'the  fcmvard  side  of  the 
.  projector  with  the  spigots;  figure  11-2  shows 
the  process  of  Joadin^  j£he  spigots,  and  you 
can  see  how  the  charts  fit  ovej,  the  spigots. 

General  Data 


Weight  of  complete  assembly", 
fully  loaded,  (lb) 


Diametef  of  salvo  pattern  (ft) 


Range  (mean  distdnce  of 
pattern  (yds) 

Time  of  flight  (sec) 

Type  of  fire  , 

Interval  between  firing  pairs 
of  rounds  (sec> 

Total  number  of  charges  per 
loading 

Maximum  arc  of  train  (*) 


18,985 
200 

188 
8 

Ripple 
0.2 

24 
360* 


Elevating  limits  0  froiir 

meart  position  +30 

♦This  limit  ai)plies  ^ea  a- single  tifaln  stop 
is  installed.  Maximum  strain  possible  when^two 
stops-  are  installed  is  331^ 

Reference  publication  for  Mk  15  mounts  is  OP 
1745.         ,  " 


Construction  and  Main  Components  » 

As  figure  11-1  shows,  the  projector  is  a 
rectangular  carriage  assembly  on  whose'  sloping 
front  side  are  {our  transverse  cradles,  each 
bearing,  six  spigots.  The  cradles  can  swing  in 
limited  arcs  of  elevation  in  trunnion  l?earing^. 
All  the  cradles  are  cross-connected  so  tl\at4hey 
are  moVed  in  unijson  by  the  elfevatin^  ggar. 
The  elevating  and  training  controUers,  the  firing 
panel,  and  parts  of  the  pdwer'dJri've  mounts  on 
the '  rear  of  the  carriage.  The  carriage  ks  a 
whoie>*rotates  in  train  on  a  stand  bolted  to  the 
deck.  .The  loWer  base  ring  of  the  carriage, 
and  the  stand,  asyVell  as  the  elevation  said  train 
electrohydrs^Ulic  power  drives,  are  adaptations 
of  the  corresponding  elements  in  the  *40-ijmi 
quad  mount.^  '  ^  ^  * 

We  will'  now  take  \ip  each  nriajor  component 
of  the  projector.  \  ,  -         .  •  ^ 

PROJECTOR  STAND.  — The  stand  is  a  large- 
circular  unit  attached  to  the  ship*s  structure^ 
by  hold-down  bolts.  It  supports  all  other  pro jector 
components  and  holds  the  carriage  down.  Other 
part^  includ^  the  beslrings  in  which  the  carriage 
turns,  and  a  fixed  ring  .gear  -which  meshes  with  ^ 
a  training-gear  pinion  t5  turn  the^cslrriage  in  the 
stand.  Associated  with,  the  sfand  ar^  two  train 
stop  blocks  ^boigp  to  the  deck  insjde  the  stand. 
One  block  'is  installed  when  360^  of  train  is 
required;  two  are  used  for  331**  or  less  of  train. 

PROJECTOR  CARRIAGE.'— The  •  projector 
XJarriage  consists  of  two  large  main  structural 
units,  the  Igwer  base  ring  and  upper  jDase  ring, 
andincFudes  theproj^ector  cradjj^-frame  assembly, 
elevating  'and  training  gear^  and  their  power 
•  drives,  firing' cutout  mechanism,  train  stop  and 
bjiffer,  firing  panel,^  and  electrical  installatic^n. 

The  cradles  are  four  large  parallel  I-beam 
units,  transversely  pivoted  fn  the  frame,  and 
cross-connected  so  that  they  move  as  a  single* 
unft.  Each  cradle  mounts  six  flxe'd  spigot  sockets. 
Each  socket  holHs  a  l4.5-incK;Steel  rod  or  spigot 
on  which  the  projector  chai^  is  loaded.  To- 
gether the  ^  spigots  make  up  an  upward  and 
outward  thrusting  hedgehog"  arrangement, 
,  which  aligns  the  24  charges 'so  that  when  they 
are  fired  they  produce  a  circular  pattern  at  the 
point  of  impact,  as  shown  in  figure  11-3. 

'The  main  element  of  the  elevating  gear  is 
an  enclosed  worm-and-wdrm  wheel  mechanism  at 
the  left  side  of  the  cradle  frame,  which  can 
tilt  the  cradles  th'rou^  a  total  arc  of  60^ 
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Figure  11-1.  — Projectw^jik-lSMoSTo.' A.  Front  view;  B,  Left  rear  view. 
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The  training'  pioion, 'which  .engages  tl\e  ring  gear  ^ 
in  the  Btand,  is^  driven  by  a  similar  arranglfe- 
inent* .  Both  can  l>e  actuated  either  by  Qie  hydrau- 
lic gpwer .  drive  or  manually.  Train  is  limited 
by  the.carriage  training  stop  buffer,  andasserhbly 
of  two .  hydraulic  cylinders  and  pistons  which 
engage  the  train  'stops  on  the.  deck  inside  the 
stand.'  ^  ,p 

,  The  CEirriage  firing  cutcfut  mechanism,  a. 
circulEir  Cam  and  follower  device  that  actuates 
a  switch  in  the  firing  system,  is  operated  by  the 
train  worm  drive  throu^.  a  .'takeoff  drive  shaft. 
The  firing  cutout,  like  those  used  with  gun 
mounts,  prevents  the  projector  from  firing 
charges  into  pwn  ship^s  structure.  ^  ^ 

POWER  DRIVEdAND  CONTROLS.  — Elevation 
Power  Drive  Mk  5  Mod  20  is  an  electrohydraulic 
type  almosb identical  to  that  used  on  40-nun  quad 
mounts.  It  coml^ines*  an  electric  motor  driven 
hydraulic  transmission."  with  an  electrohydraulic 
type  receiver-regulator.  The  train  poWer  drive 


is  a  ^miljar  electixjtiydraulfc' assembly— Train 
Power  Drives  Mk  6  Mod  14,  also  derived  from 
40-mm  quad  mount  equipment.  . 

The  train  and  elevation  power  drive  electric  - 
circuits  are  similar.  Both  include  on-mount 
440- V  a.<^.  electric  controllers  and  motors,  and 
115^v  a.c.  receiver- regulator  synchro  miits.  The 
power  circuits  include  interlock  switches  and 
master  pushbutton  stations,  in  addition  to  the 
motors  and  "controllers.  The  115-v  system  in-  ' 
eludes  a  receiver  synchrb-control  transformer, 
a  lag  meter,  an  amplifier*  a  starting  switch, 
and  a  hydraulic  transmission  stroke-control  mo- 
tor for  each  of  the  two  power  drives.  The  system 
woilcs  like  the  40-mm  systems  with  which  you 
are  already  familiar. 

Firing  Circuits     '     •  ,  , 

Firing  ft  salvo  of  charges  from  an  Mk  15 
projector  is  different  from  firing  a  gun  mouAt, 
and  we  give  it  special  attention.  The  firing 
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Figure  li-2,Hs- Loading  the  Mk  15  he^grflog  mount. 
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Figure  11-3.— Projector  Mk  15.  Pattern 
of  a  salvo. 


circuit  (schematically  shown  in  fig./ll-4A)  is 
a  remotely  operated  system  that  fires^th^  >24 
projector  charges  in.pairs  at  uniform  intervals 
of  0^2  "^second.  Components  of  the  system  are  r 
'Firlr^  iPanel  Mk  27^  Mod  0  (fig,  11-4B),  24 
spigot  firing  pins,  a  firing  cutout  switch*. and  a 
20-wire  connection  feox.  The  system  is  divided 
into  two  parts;  (1)  a  fir Jng-current^supply  circuit 
,that  includes  u  ripple. 3witch  throu^  which  the 
firing  current  passes  to  the  spigot  firing  pin^, 
and  (2)  ,a  remotely  operated  solenoid  that  act- 
uates ^'firing  ke/  to^  start  the  firing  current 
thrpilgh  the  ripple  switch.  The  spring-operated, 
■rotai:y*  ripple  switch,  is  mounted  in  the  firing 
panel  and  mast  t>e  manually  wpund  up  pf ior 
to  each  firing  cycle/ ^Included  in  this  circuit 
is  a  transfer  switch  that  has  three  positions, 
S  (Safe),  R  (Ready*/  to  fire),  and  T  (Test).  The 
firing-key  actuating  solenoid,  on  the  back  of  the 
firing'  panel,  is  energized  remotely  from  the 
plotting  room.  The  solenoid  armature  is  linjced. 
•  throu^  a  rocker  arm  to  the  firir^  key,  whicfi^^ 
fits  on  a  square  shaft  throu^*  the  center  of 
the  transfer-switch  dial.  When  the  solenoid  is 
/energized,  the  armature  is  pulled  up  and  the 
firing  key  down  to  fire  position* 

The  firing  panel  (fig.  11-4B),  which  is  the 
main  firing  control  on  the  projector,  provides  for 
proper  distribution. of  the  firing  current  and  for 
testing  the  firing  pins  in  each  spigot.  It  houses 
the  solenoid,  ripple  switch,  A.C.-D.C.  switch, 
transf^  switch,  calibration  rheostat,  and  test 
-  Indicator 

'  The  circuit^  of  each  pair  of  spigot  firing  pins 
is  connected  to  a  separate  contact  in  the  .ripple 
switch,  which  has  twelve  live  contacts  labeled 
*'l''  through  *'l2^'  consecutively,  and  two  dead 
points  labeled  "C"  and'^^'F"  (fig*  11-4A^  The 
numbers  indicate  which  pair  of  spigots  i&^on- 

 nected  into  the  firing  circuit.  Letter  F  is  the  rea 

»  to-fire  position;  C  is  the  dead  position  after 
firing  is  complete*  The^  switch  is  mechanicallj^ 
interloped  with  tbe  transfer  -switch  to  jlermlt 
firing  |Sly  when  thOg^tter  is  fit  ready  position* 
PlaQi8|  the  lipple 'switch  in'  F  position  winds 
^  ^  up  a  spring.  A  pawl  and  ratchet  device  holds 
it  cocked.  When  the  solenoid  trips  the  A.C.- 
D*C.  switch,,  the  ratchet  releases,  and  the  ripple 
switbh  rotates  counterclockwise  to  C  position, 
closing  all  twelve  contacts  in  succession* 

The  A.C.-D.C.  switch  connects  the  firit^-pin 
circuit  to  either  the  20-v  a*c*  or  6-v  d.c*  supply, 
depending  on  firing  key  position*  The  key  may 
58*196  ^be  inserted  either  (1)  with^handte'  to  the  right 
of  fire    '(for*a*c*  firing)  or  (2)  with  handle  to  the  left 
(fbr  d.c*.  firing.  (ThiB  can  be  doTie  only  with 
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the  teft  switch  at^  SAFE),  The  solenoid  ^iulls 
the  key  handle  down  to  start  fifing^action.  This 
action  rotates  the  A.C,-?D,C*  6wi1tch  to  connect 
-the  firing  ©current,  while  aj^cam-^-  the  switch 
shaA*  releases  the  ripple  switch  ratchet  pawU  The 
solenoid  is  energized  through  a  separate  115-v 
*\%c.  circuit  Isy  a  remote  firing  key. 

.The  transfer  switch  Is  In  the  firing  circuit 
between  the  A.C.-D.C.  switch  and  the  firing 
cutout  switch.  At  S  position,  the  firing,  circuit 
Is  broken,  and  the  firing  key  ma^  be  Inserted 
Into  the  A.C,-p.C.  switch.  Wl«i  ^he  switch  at  R, 
the  clrcujit  Is  completed.  The  T  position,  used 
s^6F*te8tlng  with  the  A.C.-D.C.  switch  at  D.C., 
has  the  calibration  riieostat  and  test  Indicator 
in  the  circuit. 

The  test  Indicator  and  rheostat,  which  afre  used 
in  testing  the  continuity  of  the  firing'  circuit, 
are  respectively  a  common  type  of  dommerclal 
mllliameter  and  a  variable  resistor.  The  safety 
plug,  througji  which  both  a.c.  and  d.c.  firing 
currents  must  pass,  is  a  safety  device  that  must 
be  kept  OUT  of  its  socket  except  w^en  firing 
or  testing  is  actually  going  on. 

Operation  and  Cyew  Stations 

To  ensure  safe  handling  of  the  a^manitlon 
and  safe  operation  of  the  equipment,  person- 
nel should  be  thorou^ly  familiar  with  OP  2082, 
Operatton  of  the  Mk  15  projector  Includes  four^ 
kinda/of  activities—  preparation,  loading, aiming^-, 
afid^lrir^.  Nprmally,  aiming  and  firing  re$iire' 
,  no  personnel  at  the  meant,  but  up  to  nine  men  are 
needed  for  preparir^  and  loading. 

Preparation,  >^lch  means  getting  the  stowed 
projector  ready  loi;  loading,  inclucjes  removing 
protective  canvas  covers  from  the  noun*.  and 
spigots;  withdra\ving  Iraincentering  pin  and  cradle 
stowing  device;  inspecting,  cleaning,  and  lub- 
ricatlng  before  starting;  closing  power  supply 
switches,  starting  and  lexfcrclslng  the  power 
drives;  axvd  testlngcontrol,  firing,  and  transniittej 
circuits.  Loading  requires  placing  24  e:q)lbsive 
charges  on  the  projector  spigots.  Aiming  Is 
normally  remoter-controlled  from  the  plotting 
roQm. 

Final  preparations  for  firing  Include  selecting 
'the  firing  circuit  supply,  winding  the  rip^Je  switch, 
-  aiKl,  finally,  after  the  crew  Is  clear;  installing 
the  on-mount  and  off-mount  safety  plugs  and 
closing  the  portable  firing  cutout  key.  Closing  the 
remote'  firing  key  In  plot  operates  a  solenoid 
which  releases  .the  ripple  switch,  and  the  24 
spigot  pins  are  energized  In  pairs  at  Intervals  of 
0.2  second.  All  charges  are  fired  within  2.2, 


secends";  and  the  final  posltloftof  the  ripple  switcll 
operi8'"1the  Jiring  circuit  sO^QiaTthe  mount  cannot 
be  fired  again  until  the'  switch  Is  reset  manually. 

The  only  method'  of  firing  this  weapon  is  from 
the  plotting  room  There  are,  however,  two 
methods  of  elevation  and  train;  automatic  control 
and  hand  drive.  Normally,  thef  projector .  la 
trained  and  elevated  In  automatic  control  by  the 
power  drives,  which  are  controlled  remotely  by 
signals  from  a  plotting  room  director  or"  from 
a  manually  controlled  train  Indlcator-regiflator 
near  the  mount.  Hand  drive  Is  a  manual  method 
of  elevating  the  cradles  and  training  the  carriage, 
•for  lubrication  and  service  maintenance  only. 

The  on-jnount  crrew  for  the'Mk  15  projector 
Includes  a  mount  captain,  two  first  loaders,  two 
second  loaders,  and  "two  or  more  ammunition 
passers  (as  required). 

The  mount  captaln*s  duties  are  essentially  the 
same  'as  those  of  the  crew  leader  in  any  other 
form  %oi  gunnery*  He  supervises  preparations 
for  operating,  loadljig,  and  reloading.  He  sees 
that  all  safety  precautions  are  observed.  He  checks 
the  condition  of  the  mount  and  ammunition  before 
firing,  and,  v^^en  satisfied  that  the  projector  is 
correctly  loaded,  he  personally  performs  the 
firing-preparation  action,  selecting-  the  firing 
current  supply,  winding  the  ripple  switch,  and 
setting  the  train  and  elevatloji  switches  for  power 
operation.  He  must  then  report  "AH  clear  and 
ready  for  firing**  to  the  plotting  room. 

'WKen  the  firing  circuit  has  been  closed, 
the  naount  captain  reports  to  the  plottliSg  room 
on  the  successful  launching  or  misfire  of  all 
24  chkrges.  In  the  event  of  misfire  he^must, 
after  taking  the?  necessary  precautions,  reset 
the  ripple  switch  to  repeat  firing.  After  this, 
he  must  again  reportjto  the  plotting  room.  He 
also  supervises  circuit  testing  procedujresbefdre 
and  after  reloading  the  projector.  At  the  .end 
of  firing,  operations  he  supervises  securing  the 
mount.    .        •        *       •  - 

Each  first  loader  receives  a  projector  charge 
from  a  second  loader,  lowers  It  gently  onto  a 
spigot,,  then  rotates  It  a  full  turn  to  ensure 
good  *electrical  contact  between  firing  pin  and 
cartridge  primer.  Each  first  loader,  when  ordered 
by  the  mount  captain,  removes  the  fuze  caps 
and.  siifety  pins  from  the  12  chains  that  he 
has  loaded.  This  is  done  If  preparation  for 
aiming  and  firing  Is  Imminent. 

Each  of  the  two  second  loaders  has  different 
duties  In  preparing  the  mount  for  operation  and 
In  loading. 

The  second  loader  at  the  riglit  of  the  mount 
secures  the  carriage  In  train  during  loading,  and 
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trajcisfers  projector  charges  from  an  ammunition 
passer  to  the  first  loader  on  his  side.  When  both 
first  loaders  are  clear,  after'loading^he  x'eleases 
the  train  centering  pin.  The  second  loader  at,. 
»the  left?  of  the  mQunt  locks  the  cradles  during 
loading,  and  jJasses  projector  charges  to  the 
first  loader  on  his  side*  After  loading  is  com- 
pleted and  both  first  loaders  are  clear,  he  unlocks 
the  cradle's.  \ 

The  ammunition  passers  break  out  the  charges 
from  the  ready-service  lockers,  inspect  them, 
and  pads  them  to  the  second  loaders.  In  addition, 
one  anuaunition  passer  acts  as  star  tingcontrolman 
to  operate  bdth  the  train  and  elevation  con- 
trollers., closing  the  disconnect  switches  when 
ordered  by  the  mount  captain. 

If  cradles  or  the  carriage  must  be  manually 
driven  to  stow  them  in  preparation  for  loading, 
ammunition  passers  operate  the  handcranks. 


Maintenance 


se^i 


The  projector,  because  of  its  exposed  position 
and  lac?;  of  shielding,  requires  careful  routine 
upkeep,  especially  lubrication^  Follow  the  lub- 
rication charts  carefully,  particularly  for  items 
wixich  must  be  lubricateddaily,  weekly,  and  before^ 
or  after  firing.  But  avoid  excessive  lubrication,' 
v^ich  j5an  damage  electrical  parts,  and  cause 
puddles-  on  the  deck  that  make  for  hazardous 
footing,  DonH  lubricate  fire  control  gear;  tivit*s 
for  the  jFT  \o  d^al  with.  ^  . 

Be  sure  tp  open  drain  plugs  periodically  to 
avoid  accumulations  of  moisture  and  contaminated 
lubricants. 

Periodically  check  mechanical  and  electrical 
parts  as  called  for  by  the  OP.  Check  and  exercise 
the  power  drives;  they  are  similar  to  the  drives 
you  are.  already  acquainted  with  in  40-mm  mounts, 
and  have  similar  requirements. , 

FireL  control  transmission  checks  should  be 
performed  as  required  by  the  ASW  or  weapons 
officerr 

Misfire*Procedure 

In  the  event  of  a  misfire,  the  misfiring  charge 
will  remain  on  lis  spicot  afte^  the  others  have 
departed.  If  this  hap^ns,  hold  the  firi'ng  key 
down,  operate  the  ripple  switch  clockwise  througjh 
its  fuir  rotation,  then, release  it.  K  the  charge 
still  doesnH  fire,  trea^  it  as  a  hangfire.  Keep 
all  personnel  at  a  safe  distance,  and.  If  possible, 
delay  further  operation  for  at  least  30  minutes 
after  the  l^st  attempt  to  fire  while  the  projector 
is  kept^  trained  on  a  safe  bearing.  Then  remove 


the  safety  plug  from  the  firing  panel.  After  this 
ijjterval,  remove  the  defective  round  and  dispose  of 
it  as  recommended  by  bomb  disposal  personnel. 

Other  projectors,  a  few  of  vj^ich  may  stljl  be 
found  in  the  fleet,  are  thelMk  lO  and  Mkll. 

Like  the  Mkl5,thjeMkl0andMk  11  projectors 
fire  charges  from  24  spigots,  and  these  land  in  a 
roughly  circular  pattern.  The  spigots  are  mounted 
on  four  I-beam  cradles  which  are  parallel  to  the 
length  ^of  the  mount  instead  of  traverse  to  it. 
The  base  frames  on  the  Mk  J.0  and  Mk  11  pro- 
jectors do  not  train;  instead  they  are  feecured 
to  the  deck,  A  certan  aniountf  of  **train''  is 
possible  by  tlltir^  th^  tinannlon- mounted  cradles; 
they  are  joined  at  the  after  end  by  a  connecting 
bar  linked  to  a  tiandriven  roll'  correction  gear 
assembly.  Naturally,  the  pattern  is  distorted  when 
the  cradles  ,are  tilted;  the  pattern  flattens  and 
approaches  a  straight  line  at  full  tilt.  Therefore 
the  ship  as  a  whole  is  aimed  ^o  fai^as  prsCcti- 
cable,  and  the  tilting  is  used  to  make  minor 
corrections.  *  '      .  _ 

The  on-mo^nt  accessorles.used'wlththeMklO 
and  Mk  11  projectors  are  a  firing  panel  and  a 
gun  train  indicator.  An  off-mount  target  des- 
i^atlon-transmitter  controls  cradle  tilt. 

In  general,  the  mount  operations  for  theMklO 
and  Mk  11  projectors  respmble  those  for  the 
Mk  15,  so  far  as  loading  and  firing  are  concerned 
althou^  there  are  some,  differences  in  fire 
control.  ^ 


POINT  DEFENSE  '  ' 

The  basic  point  defense  surface  missile  system 
(BPDSMS)  has  been  dev^oped  to  improve  the  self- 
deferj^e*  capability  .of  ships  without  missile 
defenses.  The  BJ^DSMS  provides  a  tactical  weapon 
for  all-weather"  defense  against  air  and  surface 
targets.  This  system  comprises  two  major  sub- 
systems; Fire  Ccmtrol  System  Mk  115  Mod  0 
'and  Guided  Missile  Launching  System  (GMLS) 
Mk^5  Mod  0.  The  subsystems  function  together 
to  detect  and  track  a  target,  and  to  fire  and  guide 
the  Sparrow  nlissile  to  target  intercept.  The  GMLS 
can  be  operated  in  \hree  modes;  local,  remote, 
and  remote- assigned.  In  local  mode,  the  launcher 
is  controlled  from  the  launcher  control  panel 
for  mi&sile  loading,  checkout,  and 'maintenance. 
In  rempte  mode,  the  launcher*  is  in  a  service- 
ready  condition,  with  the  launcher  positioned  at 
zero  cable  twist  awaiting  assignment  to  the  fire 
control  system.  In  remote  assigned  mode,  the 
launcher  responds  to  orders  from  the  fire  ccfatrol 
system  to  aim  and  launch  Sparrow  missiles. 
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This  system  is  operated  and  maintained  by  per- 
sonnel in  the  Gunner's  Mate  Grating.  As gunner*s 
mates  we  are  primarily  concerned  with  the 
launcher  assembly  and  not  the  fire  control  system. 
In  this  section  we  explain  the  functions  of  the 
components  making  up  the  GMLS  Mk  25. 

GUIDED  MISSILE  LAUNCHING  SYSTEM  MK  25 

The  GMLS  Mk  25  (fig.'  11-5)  provides  ready 
service  stowage  facilities  for  a  maximum  of  eight 
Sparrow  missiles,  means  for  prje-launch  and 
firing  signals  to  a  selected  missile,  and  a^ 
launching  platform  for'  the  missiles.  The  GMLS 
also  is  used  for  crew  training  and  system.check. 
The  GMLS  consists  of  the  following  major  com- 
ponents: 


0 
1 


1.  Guided  missile  launcher  Mk  l28  Mod 

2.  Launcher  control  panel  Mk  288  Mod 

3.  Qplay  power  supply  Mk  143  Mod  0 

4.  Control  panel  Mk  65  Mod  3 

5.  Amplifier  Mk  40  Mod  4 

6.  Train  and  elevation  amplidyne  motdr  gen- 
erator Mk  6  Mod  1  r 

*  7.  Firing  power  supply.  Mk  143  Mod  0 

8.  ^  Launcher  area  saiety  switch  *         '   *  • 

9.  Sparrow  missile 

Launcher  Mk  128  Mod  0 

The  ^ided  missile  launcher  (fig.  11-6)  con- 
sists of  launcher  guide,  a  carriage,  and  stand.  The 
guide  contains  eight  missile  cells,  each  with  a  rail 
that  supports  and  guides  the  missile  during 
loading,  storage^  and  launching  (fig.  11-5).  Two 
.doors  at  the  front  of  each  cqII  open  mechanically 
for  missile  launching  and  provide  access  to  the 
cell  for  maintenance.  The  cai-riage  (fig.  11-7) 
supports  the  launcher  guide  and  all  components 
that  rotate  in  tr^in.  Components  of  the  carriage 

*  provide  buffer  action  when  the  launcher  trains 
and  elevates  into  positive  limit  stop.  These  com- 
ponents lock  the  launcher  in  train  and  elevation 
when^stowed,  and  interrupt  the  firing  circuit  when 
the  guides  are  pointed  at  the  ships  structure. 
Jhe.  train  and  eleVation  power  "drives  are  also 
'mounted  on  the  carriage.  The  stand  ,(fig*  11-8) 

-  is  a  cylindrical  flanged  steel  casting.  The  inside 
flange  supports. the 'lower  thrust  separator.  The 
top  flaflge  is  the  attaching  surface  for  the^training 
circle,  gear.  Nine  equally  spdced  lubrication 
fittings  far  the  trust  and  radial  roller  separator 
assemblies  are  located  on  the  stand.  Two  thrust 


roller  separator  assemblies  (fig.  11-8)  are 
mounted  in  d  concentric  and  parallel  arrangement 
on  the  lower  base  rir^.  The  assemblies  consist 
of  an  upper  and  lower  roller  path,  a  separator, 
and  cylindrical  rollers.  The  upper  separator 
assembly  serves  as  a  holddown  and  the  lower 
separator  assembly  supports  the  we'igfit  of  the 
launcher.  The  radial  roller  separator  assembly 
(fig*  11-8)  is  similar  in  construction  to  a  thrust 
separator  except  that  tjie  pollers-  are  installed 
vertically.  The  radial  roller  Separator  is  mounted 
between  the  stand  and  the  lower  outside  edge 
of  the  lower  base  ring.  This  separator  absorbs 
-  radial  (horizontal)  loads  and  maintains  concentric 
, alignment  of  the  stand. 

Launcher  Control  Panel  (LCP) 

The  LCP  Mk  2^8  Mod  1  (fig.  11-9)  is  a  console 
type  assembly  that  houses  controls,  indicators, 
fuses,  and  electronic  equipment  for  operating  the 
GML.  The  LCP  contains  switching  circuits  for  the 
60  Hz  power  circuits,  400  Hz  missile  warmup 
circuits,  and  the  28V.  d.c.  missile  sequencing 
and  firing  circuits.  All  of  these  circuits  except 
the  firing  circuit  are  controlled  at  either  the 
LCP  or  the  .fire  control  panel  (FCP),  with  the 
missile  firing  circuits  controlled  only  from  the 
FCP.  Tfie*  LCP  provides  controls  and  indicators 
for  loading,  servicing,  and  testing  the  launcher. 
The  LCP  consists  of  a  launcher  operation  control 
•  panel  assembly  and  a  local  director  door  as- 
sembly. 

The  launcher  operators  control  panel  assembly 
contains  indicator  lights  and  switches  for  oper- 
ating tl>e  launcher  in  local  control.  Indicator 
lights » show  launcher  ready  status  and^safe  firing 
zone  status.  \leters^  measure  missile  elapsed 
time  (warmup),  and  launcher  runnihg  time. 

The  local  director  dojDr  assembly  contains  the 
train  and  elevation  handwheels  for  local  control 
of  the  launcher  and  a  rectangular  display  window 
for  viewir^  the, indicating  dials  for  cable  twist, 
and  coarse  and  fine  train  and  elevation  control 
signals.  A  safe  normal  switch  is  also  located  on 
this  assembly  and  is  used  to  deenerglze  the 
missile  firing  power  supply  when  in  local  or 
remote  operation  mode. 

Belay  Power  Supply  \ 

Relay  power  supply  (fig.  11-5)  supplies  28V. 
d.c.  for  the  Aiis^le  system  relays  and  indi- 
cators. 
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Figure  11-5.— Guided  miSBile  launching  syetem^  Mk  25  Mod  0. 
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Figure  11-6.  — Guidefi  missile  launcher  Mk  l28  McsljJ  0;  re.ar  view. 
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step-down  transformer  for  the >115V.  a.c.  i^ower 
drive  control  circuit.  *  ^ 


♦^Control'Panel 

The  control  panel,  Mk'  65  Mod  3  (hjg.  11-5),  .  ^  ' 

receives' ship  440V,  a.c.  3-phase  electrical  power  Amplifier 
and  (distributes  it      the^ power  drive  circuits. 

This  panel  contains  timing-relays  that  control         The  amplifier  Mk  40  Mod  4  (fig.  11-5)  contains" 

the  sequence  of  motor  generator  starting  and  the  elevation  and  train  amplifier  assemblies,  a 

houses  the  povver  drive  main  circuit  breaker.  power  supply  assembly,  a  cable  twist  control  , 

The  panel  also  houses  plate  and  filament  trans-  assembly,  motor  field  control  assenVbly,  heat 

foxvners  for  ^  amplifier   Mk  40  Mod  4  and  a  exchanger,  and  terminal  board  panel.  The  train 
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"Figure  11-8.- Stand- Mk- 22  Mod  4.  - 
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XAUNCHER  CONTBOL  PANEL 
'  CABINET  ASSEMBLY 
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Figure  11-9.  — Launcher  bontrol  panel  cabinet  assemfely. 
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and  el^ation  amplifiers  supply  controlling  volt- 
ages to  the  motor  generators.  The  power  supply 
furnishes  direct  current  power  to  the  amplifier 
'  assemblies  and  the  motor  field  control  assembly. 
When  the  launcher  is  in  remote  mdde  operation, 
the  cable  twist,  control  assembly  ensures  that 
the  launcher  Cannot  be  stowed  with  360  degrees 
of  cable-  twist..  The  motor  field  controj  assembly 
'suppUes  the  rectified  field  current  for  drive 
motor  field  excitation.  The  heat  exchanger  cir- 
^culates  air  for  cooling  the  amplifier  components. 

Motor  Generator 

^  The  GMLS  employs  two  nfiotop  generator 
(amplidynes)  Mk  6  Mod  1  as' shown  in  figure 
11-5. .  One  is  ueed^for  train,  and  the  other  is 
used  for  elevation.  The  motor  generator  is  a 
'  motor  driven  generator  amplifier  that  provides 
a  hi^-powered,  precisely-controlled  Output  to  th^ 
drive  motor.  The  output  is  regulated  Ijy  a  low- 
power  input  from  ttie  amplifier.  ^ 

Firing  Power  Supply    *  - 

Firing  power  supply  Mk  144:  Mod  0  (fig.  11-5) 
provides  28V.  d.c.  to  fire*  the  niissile  auxiliary 
power  supply  and  rocket  motor  squibs. 

Safety  Switch  (SMX-4) 

The  launcher  area  safety  switch  (fig.  11-5) 
prevents  movement  of  the  launcher  by  the  power 
drives  wbeiTconnected  and  the  safety  switch  is 
not  depressed.  This  switch  Is  the  observer»s 
'  safety  device*;  used  when  personnel  are  per- 
forming maintenance  or  tests  on  the  launcher. 

Sparrow  Missile 

The  Sparrow  missile  Is  a  supersonic  surface- 
to-surf  acfe  or  surface-to-air  boost  guided  missile ' 
that  employs  semi-active  homing  -guidance.  The 
.  missile  Is  propelled  by  a  solid  propellant  rocket 
•  >  motor  and  carries  a  hl^  explosive  warhead. 


Opefation 


Operation  of  the  Mk  25  GMLS  Inc^s  th^ee 
modea  of  control  for  loading,  testlngpund  firing 
va  Sparrow  missile.  Normal  aiming  and  firing  ire 
controlled  by  the  FCS  Avhen  In  remote-asslgnfed 
mode  and  Is  the  only  mo^e  in  which  a  missile 
can  be  launched*  The  procedures  for  activating 
all  "modes  .of  operation  are  similar  except  for 
♦  local  control  mode.  In  any  other  mode  except 


local  the  LCP  can  be  unmanned  after  the  pre- 
operatlon  procedures  have  been  completed.  ^ 

'  Before  electrically  activating  the  launcher, 
preoperation  procedures  mugt  be  performed  at  the 
launcher.  Thesfe  procedures-  include   releasing  • 
mechanical  locks,  securing  the  launcher  against, 
inadvertant   movement,  and  closing  Interlock 
switches  to  permit  electiical  activation  of't^e 
launching  system.  ^„ 
The  GMLS  Is  activated  from  either*  the  KCS 
(In  remote  or  remote  assigned  mode) 
LCP  In  local  control  mode.  As  stated  earlf  the 
three  modes  of  operation*  are  local,  remote, 
and  remote  assigned. 

LOCAL  MODE.  — The'  local  mode  of  opera- 
tion is  used  for  loading;  testing,  and  performing 
maintenance  on  the  launcher.  When  operating 
local  mode,  the  LCP  controls  and  indicates 
the  seiquence  of  operation  from  turn-on  through 
shutdown.  Althou^  the  missile  ,  control  circuits 
are'  routed  throu^  the  LCP,  the  panel  does  not 
contain  any  switches  or  controls  for  the  missile 
electric  circuits.         *  ^    .  ^ 

REMOTE  MODE.  — The*  remote  mode  Of  Ojpera- 
tlon  usually  Is  uSed  In  conjunction  with,  but  before, 
operation  In  remote  assigned  mode.  Operation 
.  In  remote  mode  allows  the  la\incher  to  .remain 
static  (In  the  stowed  or  zero  cattle  twist  position^ 
While  the  FCS  Is  searching  for  a  target  or  while 
tracking  a  target  that  Is  out  of  missile  range. 

REMOTE  ASSIGNED  MODE.- The  rempte 
assigned  mocle  Is*  the  only  mode  In.  which  a 
Spai'row  missile  oan  be  launched.  Except  for  the 
preoperation  prcicedures  performed  at^ the  LCP, 
the  *mlsslle  systems  activation  and  operation  Is 
" controlled ^entlrely from  the  fire-control  panel. 

Fire  Control  Panel  (FCP) 

The  FCP  Is  part  of  the  FCS  and  contains 
all  the  ^necessary  circuits  for  controlling  and 
monltor4ng-ttte  statue  of  the  FCS  and  the  GMLS, 
Including  each  missile  In  the  missile  system. 
The  pjinel  operator  makes  missile  system  and  fire 
control  decisions.  Initiates  the  missile  flrlr^ 
sequence  and  fires  the  missile.  The*F CP  receives 
target  data  signals  (range,  altitude,  bearihg 
and  speed)  from  the  missile  director  and  provides 
the  operator  with  a  visual  indlqatlon  of  target*s 
status^        ,  *  , 

A  fire  switch  located  on  the  FCP  centals 
the  firing"  of  all  missiles  arid,  when  depressed, 
generates  '•the  motor  fire  trigger  signal  that 
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ignites  the  njissile's  auxiliary  power  supply 
^  (APS).  When  the  missile's  power  supply  reaches 
preset  value,  a  time *delay  interlock  is  com- 
pleted. This  interlock  completes  the  28V.  d.c. 
firing  signal  circuit  to  the  rocket  motor  squib§. 

The  missile  is  held  on  the  rail  by  a  fire-lhru- 
latch  until  rocket  motor  thrust  increases  to 
approximately  1450  pounds.  The  restraint  of  the 
fire-thru-latch  is  then  overcome  by  the  rocket 
thrust  and  the  missile  is  released.  As  the  missile 
leaves  the  rail  a  missile  away  switch  is  closed 
which  pe^"^its  'a  sequencing  the  firingordertothe 
next  missile  to  be  fired. 


USE  Of'  CHAFF  CLOUD  DECOYS 

.  The  primary  application  of  the  Rocket  Jl^unch- 
ing  System  Mk  28  is  to  position  decoys  providing 
•  alternate,  targets  for  antiship  missiles.  It  is 
used  In  conjunction  with  other  electronic  equip- 
ment that  impacts  the  missile  guidance  systems. 
The  nature  of  the'  decoy  is  determined  by  the 
guidance  system  of  the  threat. 

In  addition,  the  system  can  be  used  wfien 
*     ships  engaged  in  shore  bombardmeht  are  required 
^  to  approach  enemy  shorelines  where  they  nriay  be 
'  detected  by  radar  and  come  under  attach  by  air 
^     or  by  slfore  gun  or  missile  batteries.  Under  such 
'  circumstances  decoy  targets  sometimes  are  used 
to  confuse  the  enemy.  .  _ 

,  Decoy  targets  that  ^jresent  false  images  to 
enemy  radars  were  first  used  in  World  War  II 
when  Army  Air  Force  units  dropped  strli^b  of 
aluminum  foil  called  ''chaff*  or  ^'window"  from 
their  planes.  Attempts  to  use  projectiles  carry- 
s-  ♦  ing  chaff  heads  have  been  made  but  have  nut 
f    proved  to  be  successful  ^  due  to  the  limited 
capacity  of  the  projectile.  To  oppose  the  effective- 
ness of  enemy  .missile  guidance  systems  and 
radars,  Rocket  Launcher  System  Mk  28  was 
developed  to  position  chaff  clouds  and  to  have 
»  {the  capability  of  placing  other  types  of  deco>s 
Optimum  position. 
;  >    Chaff  ploud  decoys  arc  designed  to  divert 
^  enemx  radar  attention  by  creafi'ng  a  false  target 
and  to  provide  an  alternate  ta'rget  to.radar-guided 
anti-ships*  micciles.  A  head  containing  chaff  is 
attached  to  a  rocket  motor  to  form  a  surface-to-air 
rocket.  When  a  variable  timer  is  set  and  the 
^  '  proper  launch  a^ngles  are  selected,  the  chaff  head 
can  be  delivered  "to  a  pre-determined  point 
in  space.  WTien  the  fuze  activates,  the  chaff-coiv- 
^  tainihg  head  is  opened  by  an  explosive  charge, 
releasing  millions  6f  aluminum  dipoles.  The 
dipoles  spread  rapicjly  to  form  a  cloud  of  chaff 
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that  to  enemy  radar  will  appear'  as  a  target. 
Several  chsiff  rockets  can  be  fired  to  produce 
multiple  false'  targets,  or  replenish  old  ones. 

The  earlier  model  of  the  launching  system  wa^ 
the  Mk  28  Mod  0  which  utilized  one  four  cell 
po^.  La^  developments  have  produced  the  Mk* 
28  Mod  1  and  Mod  5  rocket  launching  systems. 

The  Mk  28  Mod  1  and  Mod^  5  system  is  a 
deck-mounted  rocket- launching  weapon  designed 
to  use  rockets  ♦fitted  with  chaff  filled  heads.  The 
Mk  28  Mod  1  system  consists  of  two  rocket 
launcher  mounts  Mk  36  Mod  1,  and  associated 
equipment.  The  Mk  28  Mod  5  system'  consists 
of'  three  rocket  launcher  mounts  Mk  36  Mod  I , 
and  associated  eqii^ment.  *^ 

The  Rocket  I/aunching  System  Mk  28  Mods 
1  and  5  is  an  improved,  updated Tocket'launching 
system  iavolving  redesign  pf  the  present  Mk  • 
^8  Mod  0  system.  The  Mk  28  Mod  0  system 
consists  of  electrically  driven  launcher  mounts 
controlled  by  -  remote  and  local  control  panels. 
The  Mk  28  Mods  1  and  5 systems  utilf ze  redesigned 
electro-h>draulic  driven  launcher  mounts,  and 
redesigned  control  panels  which  are  operationally 
and  functionally  improved  over  the  Mk  28  Mod  0 
system.  The  Mods  1  and  5  ^systems  operate 
either  locally,  remotely,  or  in  automatic  mode 
in  which  they  are  directed  in  train,  elevation, 
launcher  selection,  and  cell  (tube)  selection  by 
shipboard  computers  such  as  Naval  Tactical  Data 
System  (NTDS)  or  Data  Correlation  and  Transfer 
System  (DATACORTS). 

Components  of  the  Mods  1  and  %  are  the  same 
except  for  the  number  of  launcher  mounts  and 
pods.  The  Mod  I  has  two  rocket  launcher  mounts 
and  four  pods.  The  Mod  5  has  three  rocJket  launcher 
mounts  and. six  pods. 

ROCKET  LAUNCHER  MOUNT  . 
MK  36  MOD  1  \    .  • 

.Essentially  the  launcher  mount  (fig.  II-IO) 
consists  of  three  structural  subassemblies;  the 
stand,  carriage,  and  beam,  and  other  assemblies  f 
which  are  attached  to  the  structural  members. 
The  location  and  relationship  of  these  subassem^ . 
blies  are  shown  in  figure  il-ii.  The  mount 
supports  two  rocket  launcher  pqds  Mk  44  Mod'O 
and  1,  and  provides  the  means  to  train  and  elevate 
them.  The  launcher  is  equipped  with  one  3-l/2 
HP,  ^440  V,  60  Hz  motor.  The  nv3tor  drives  a 
variable  I  displacement  hydraulic  pump  which  can 
supply  Sjgallonsper  minute  (GJP|^I)  at  a  maximum 
pressure  of  1500  psi.  Fluifj'from  the  pump 
operates  a  hydraulic  motoi-  to  rotate  the  launcher 
pods  in  train,  and  a  piston  in  a  cylinder  for 
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operation  of  the  launcher  pods  in  elevation. 
The  tirain  position  shaft  angle  encoder  is  connected 
to  a  binal^  coded  decimal  (BCD)  readout  at  the 
reiiiote  control  panel  where  the  train  angle  of 
the  launcher  is  displayed.  The  elevation  position 
shaft  angle  encoder  measures  the  elevation  of 
.  the  launcher  pods  relatlv?  to  the  deck  plane 
and  transmits  this  reading  to  tfie  remote  control 
^anel  BCD  readout.' The  electrical  limit  switches 
that  prevent  firing  of  rockets  are  cam  operated, 
and  interrupt  current  to  the  elevation  and  train 
drive  hydraulic  control  vaives  when  preset  limits 
are  reached.  The  hydraulic  control  valves  auto- 
matically act  to  stop  the  launcher  movement  In 
elevation  and  train  approximately  2*  before  the 
mechanical  stops  are  reached.  The  mechanical 
stops  prevent  accidental  inboard  training  andloack 
up  the  electrical  limit  switches.. 

,  I.  . 

Stand  Assembly 

The  stand  Is  bolted  to  the  deck  and  forms 
the  base  of  the  mount.  The  train  drive  mechanism 
and  train  position  shaft  angle  encoder  are  mounted 
on  the  stands  A  precision  bearing  burface  at  the 
top  of  the  stand  Supports  the  carriage  and  permits 
u  to  rotate.  A  mechanical  safety  device  is  used 
to  lock  .the  carriage  to  the  stand  to  prevent 
accidental  training  of  the  carriage  during  loading, 


FORWARD 


unloading,  pr  other  wcfrl:  on  the  launcher,  A 
clutch  release  l^ver  on  the  train  drive  mechanism 
disconnects  the  power  drive  and  permits  njanual 
ti^ainlng.  The  train  angle  of  the  launcher  maybe 
read  from  a  fixed  pointer  on  the  stand  to  a 
graduated  dial  at  bottom  of  carriage  durii^ 
manual  operation. 

Carriage  Assembly  *  ' 

.  The  carrl^e  assemblj  contains  two  trunnion 
bearings  used  to  qupport  the  beam  assembly; 
The  elevation  drive  mechanism  Is  composed  of  a 
bi -directional  hydraulic  ;)iston  and  associated 
coE^onents.  The  piston  ouput  shaft  is  secured  to 
the  beam  assembly  and  tiie  drive  mechanism  is  ' 
mounted  on  the  carriage.  Position  of  the  piston 
shaft  is  determined  by  hydraulic  fluid  pressure 
acting  on  a  differential  in  area  on  each  side  of 
the  piston.  The  beam  assejnljly  is  hydrostatically 
locked  when  the  hydraulic  system  Is  not  under 
power  and  manual  operation  of  thebeam  assembly 
Is  desired.  Two  manual  operated  override  valves 
allow  hydraulic  fluid  td  be  forced  (when  the 
beam  Is  manually  elevated  or  depressed)  from 
the  piston  operating  cyli  ider  to  tank.  In  addition 
to  the  trunnion  bearings  a  id  elevation  drive  mech- 
anism, the  carriage  provides  mounting  of  the 
elevation  transmitter  assembly  and  the  hdrizon 
sensor  assembly. 
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Figure  11-10,— Rocket  Launcher  Mount  Mk  86  Mod  i, 
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Beam  Assembly 

The  beam  assembly  mounted  the  carnage 
by  means  of  two  trunnions.  The  top  of^the  beam 
is  fitted  with  guides,  rubber  mounUng  pads,  Ad 
two  handwheel-operated  bolts  fox  the  puqxjse  of 
mounting  the  launcher  pods.  The  elevation  shaft 
angle  encoder  located  in  the  elevation  trans- 
mitter IS  driven  by  the  right  trunnion  of  the  beam 
.  assembly.  The  beam  assembly  is  provided  with 
attaching  hardware  for  attachment  of  tlie  second 
launcher  pod  (piggyback)  to  the  beam. 

Rocket  Launcher  Pod        *  / 

Each  launcher  mount  contains  a  rdcket 
launcher  pod  arrangement  (two  pods,  one  atop 
nhe  other).  Each  pod  is  capable  of  individially 
firing  four  5-inch  Zuni  chaff  rockets  before  having 
to. reload.  A  safety  firing  switch  lo.cated  in  the 
pod  maintains  a  ground  on  the  firing  circuit  wlien 
secured  by  a  safety  pin.  This  pin  must  be  lemov^d 
to  enable  the  firing  circuits.  Each  pod  has  a 
cell-loaded  sensing  attachment  (bore  ^.lear  as- 
sembly) which  sUps  on  the  front  end  of  the  pod. 
The  fainn&  then  slips  over  the  attachment.  The 
attachment  contains  a  switch  foi  each  cell  which 
IS  activated  by  thfpresenceof  aiocketin  the  cell. 

REMOTE  CONTROL  PANEL 
(RCP)  MK  324  MODS  0  ^d  1 

The  Rem:)te  Control  Panel  <fig.  U-1 2)  ^ovides 
for  complete  control  and  firing  of  launcher 
mounts  and  for  transferring  control  to  the  local 
control  panel  (LCP)  or  the  computer.  The  RCP 
contains  thumbwheel  controls  for  selecting  the 
launcher,  train  and  elevation  position  and  the  ceil 
desired  for  firing,  indicators  shuwntg  the  response 
•  to  the  orders,  push  t^ntton  indicators  for  .initi- 
ating the  fire  sequence^  POWER  ON  switches 
for  system  and  launcher  enable,  and  an  ENTER 
swatch  which  must  be  pressed  when  oertamoiders 
are  initiated.  The  RCP  is  primarily  used  to 
control  the  launchers  when  the  computer  is 
inoperative.  * 

The,  RCP  Mk  324  Mod  0  provided  train  and 
elevation  selection,  rocket  selection  and  firing 
control  for  botli  launcher  mounts  of  the  Rocket 
Launching  System  Mk  28 Modi.  Normally,  control 
of  the  launching  system  v/iUrp^^t^m  the  RCP  with 
the  system  in  the  AUTO^mode'  of  Operation, 
lo  the  AtTO  mode  of  operMion,  the  ship's 
NTDS  or  DATACURTS  compute^  automatically 
trains  and  elevates  the.  launcher  (s)  to  the 
positions  determined  bytheNTbSor  DATACORTS 


3jiA,-©felects  rockets  for  firing.  The  RCP  dan 
also  be  used  to  controf  and  fire  the  launcher  (s) 
from  the  remote  posUion  when  NTDS  or  DATA- 
CORTS  is  inoperative.  The  RCP  also  provides 
the  means  of  transferring  control  of  the  system 
to  the  local  control  panels  located  near  the 
launcher  mounts. 

The  RCP  Mk  324  Mod  0  controls  the  selection 
and  firing  for  two  rocket  launcher  mounts  and 
consists  of  the  elements  shown  in  figure  ll-l2. 
The  RCP  Mir324  Mod  1  is  not  shown,  but  differs 
from  the  Mod  0  orilxan-^e  additional  READY 
TO  FIRE/FIRE,  ALARM,  and  LAUNCi^R  ^^3 
switches  on  the  panel.  * 

LOCAL  COlfTROL  PANEL  (LCP) 
MK  323  MOD  0 

The  LCP  (fig.  11-13  contains,  the  necessary 
controls  and  indicators  to  perform  functipns 
similar  to  those  of  the  RCP  with  the  excepti9n 
that  launcher  selection  cannot  be  made  at  the  LCP. 
The  LCP  contains  a  key-operated  FIRING  CIR- 
CUIT SAFE-ARM  switch  and  a  key-operated 
.POWER  DRIVE  SAF^-ENABLE  switch.  The 
FIRING  CIRCLIT  SAFE- ARM  switch  must  be  in  the 
ARM  position  to  ftre  the  rockets  and  the  POWER 
DRIVE  SAFE-ENABLE  switch  must  be  in  the 
ENABLE  position  to  train  and/or  elevate  the 
launcher  mount,  regardless  of  the  mode  of  opera- 
tion selected.  The.  LCPs  are  used  to  control 
the  launchers  when  th^  computer  and/or  the 
RCP  is  inoperative.  The  LCPJs  also  used  during 
loading,  unloading,  testing,  and  maintenance 
operations. 

OPERATION* 

f 

The  procedures  for  loading  chaff  rockets  in 
the  rocket  launcher  pods  of  the  Rocket  Launching 
System  Mk28  Mods  1  and 6,  along with» many  other 
functional  details,  are  too  extensive  to  outline 
at  this  time.  For  the  detailed  procedures  refer 
to  NAVORD  OP  4003,  Bocket  Launching  System^ 
Mk  28  Mods  1  and  5. 

^Preparation  To  Operate 

Before  operating  launcher  mounts,  ensure  the 
following  are  accomplished: 

1. '  Remove  frangible  (breakable)  fairings  from 
each  end  of  launcher  pods.  (Should  tactical 
conditions  nececeltate,  the  rockets  may.  be  fired 
through  the  fairings). 
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^2.  Ensure  that  train  mechanism  clutch  is 
positioned  to  ENGAGE. 

3,  Ensure  that  removable  train  positive  stop 
on  stand  is  fastened  securely  in  place, 

4,  Ensure  that  trajji  stow  lock  is  -positioned 
to  UNLOCK. 

5,  Ensure  that  elevation  manual  operate  over- 
ride valves  are  closed. 

Warning:  Ensure  tlvat  launcher  areas  are  clear 
of  all  personnel,  tools,  test  equipnient  and 
collapsible  life  rails  before  operating  rocket 
launcher.  Acoustic  and  blast  hazards  exist 
^  during  firing. 

# 

Modes  of  Operation 


The  Rocket  Launching  System  Mk  28  Mods 
1  and  5  empl^  any  of  three  modes  of  operation: 


Auto,  Remote,  or  Local.-  The  remote  control 
panel  operator  normally  selects  the  mode  of 
operation  for  the  rpcket  launching  system.  In 
the  event  of  a  casualty  to  'the  RCP.  the  LCP 
operator  can  select  the  AUTO  mode  of  operation 
from  the  LCP,  or  operate  the  launcher  mount 
in  the  LOCAL  mode  from  the  LCP,  in  the  event 
of  casualty  to  the  computer. 

AUto  Mode  (Primary) 

The  AUTO  (automatic)  mode  is  the  nonnal 
mode  of  operation  for  the  rocket  launching 
system.  In  this  mode,  -the  NTDS/DATACORTS 
computer  selects  the  launcher  and  the  cell  to  be 
fired,  verifies  that  the  selected  cellos  loaded, 
and  positions  the  launcher  in  train  and  elevation/ 
At  the  appropriate  time,  and  after  receipt  of 
launcher  ready  to  fire,  the  computer  recommends 
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Figure  11-12.  — Remote  Control  ^anel  Mk  324  Mod  Q. 
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Figure  11-13.  — Local  Control  Pai^l  Mk  323  Mod  0, 
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firing.  Firing 
the  RCP. 


is  normally  accomplished  from 


Reni'ote  Mode  (Secondary) 

The  remote  mode  fof  operation  is  intended 
to  be  used  vwien  a  casualty  occurs  to  the  NTDS/ 
DATACORTS  system.  The. RCP  operator  can 
manually  select  the  launcher  mount  and  the  cell 
to^  be  fired,  train  and  elevate  the  launcher  mount 
to  the  desired  position,  arm  the  launcher  mount, 
and  fire  the  rocket.  Indic^torp  inform  the  operator 
df  rocket  launching  systeih  status. 

•  Ldcal  Mode 

The  rocket  launching  system  can  be  placed 
in  the  local  mode  of  operation  when  either  the 
RCP  operator  assigns  the  launcher  moimt  to 


LOCAL,  or  the  RCP  is  disabled  and  the  LCL 
OPR  (local  operate)  switch  on  the  LCP'is  placed 
in  the  LCL  OPR  position. 


Note,:  When  the  RCP  is  disabled,  the  LCP 
operator  can  also  select  the  AUTO  mode 
of  operation,  if  ttie  computer  is  not  also 
disabled. 

All  functions  performed  by  the  RCP  operator 
^can  be  ^performed  by  the  LCP  operator  for  the 
launcher  mount  associated  with  that  LCP.  . 

LOCAL  MODE  (LOCAL  OPERATE).  — If  the 
RCP  suffers  a  casualty',  and  the  rocket  launching 
system  is  in  jjthe  REMOTE  mode,  rocket  selection 
and  filing  may  be  accomplished  from  the  LCP. 
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LOCAL  MODE  (AUTO  CONTROL).— If  the 
rocket  launching  system  is  in  the  AUTO  mode 
of  operation  and  the  RCP  suffers  a  casualty, 
operation  may  be  accomplished  from  the  LCP> 

DECOY  (CHAFF)  ROCKET 

TJie  chaf/  rocket  (fig.  11-14)  consists  of  a 
chaff  head  and  Zuni  rocljet  motor.  The  rocket, 
is  approximately  110  inches  long,  5  inches  in 
.diameter,  and  weighs  95  pounds.  The  motor 
is  shipped  in  individual  wooden  or  metal  con- 
tainers.*  (Motors  are  not  shipped  in  Rc>cket 
Launcher  Pod  Mk  44  Mod  0).  The  chaff  heads, 
with  electromagnetic  barriers  andwamingdecals*' 
included;  are  shipped  in  individual  wooden  boxes. 

Ready  Sirvice  Lockers 


Deco^f  rockets  are  stowed  in  ready  service 
lockers  as  shown  in  figure  11-15.  Two  men  are. 
required,  to  stow  all-up  rounds  in  the  ready 
service  lockers.  .  > 

^  In  lOEEding  the  ready  service  locker,  remember 
that  all-'rockets  are  loaded  with  the  fins  to  the 
right  side  of  the  locker.  (Right  side  \Crheh  facing 
front  of-  the  locker;  the  front  considered  to  be 
the  side  farthest  from  the  lo&ker  lid  hinge). 
The  loclcer  holds  three  row^  of  five  all-up 
rounds  gig.  11-15).  -The  tockets  are  loaded  and 
strappecP  into  chocks  in  the  locker.  In  loading 
rockets  Itn  chocks,  always  load  from  the  rear 
of  the  locker  to  the  front.  After  loading  and 
securing*  rockets  in  the  lower  chocks,  the  center 
chocks  are  placed  in  position  and  tjie  center  row 
of  rocKets  are  loaded  and  sejDured.  The  top 
chocks  gre  then  positioned  to  receive  the  top 
row  of  rockets.  After  loading  the  ready  service 
locker,  ^e  lid  is  closed  and  secured  by  l2 
latches  alhd  a  lock. 


SAFETY 


Safe^  is  always  a  primary  consideratioh/in 
dealing  with  ordnance  equipment— particularly 

(j^ith  live'ammunition.  Rocket  launchers,  large  or 
small,  require  aoonsiderable  amountof  care,  both 
in  oper'atlon  and  in  maintenance.  We'll  give  some 

.  «f  the  Important  safety  precautions  associated 
with  systems  covered  in  this  chapter.  For  further^ 
inf^miatipn  on  safety  precautions  chedk  the  proper 
OPS'andODs.  ' 
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•  Figure  11-14.  — Chaff  Rocket. 
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Figure  11-15.  — Ready  Service  Locker  with  15 
All-up  Rounds  Stowed.  - 


ASW  WEAPONS 

Safety  precautions  pertaining  to  the  earlier 
type  projectors  are  pretty  much  the  same  as  those 
for  the  Mk  15,  except  that  tho6e  relating  to 
power  drives  and  training  gear  do  not  apply  to 
the  earlier  models. 


1.  Don't  work  on  the  ammunition,  especially 
fuzes,  except  under  the  direct  supervision  of 
qualified  personnel.  Set  questionable  rounds  aside. 
For  information  on  ammunition,  see  Op  2215, 
OP  4;  and  OP  5r 

2.  Leave  fuze  caps  and  safety  pins  on  the 
ammunition  until  just  l^efore  firing,  and  don't 
discard  them  \v1ien  they  are  removed.  R^lace 
them  if  firing  is  no  longer  imminent. 

3.  Never  leave  the  projector  loaded  v^ile 
the  vessel  is  in  port. 

4.  Always  keep  the  cradle  locking  device  and 
the  train  centering  pin  locked  except  when  actually 
using  the  projector.  Keep  them  locked  during 
loading.  Release  them  for  any  train  or  elevation 
movement* 

5.  Do  not  tilt  the  cradles  ^unless  at.  least 
half  of  the  spigots  on  each  cradle  are  loaded. 


Never  tilt  cr^les  while  personnel  are  inside  the 
cradle  frame. 

6.  Maintain  a  safety  watch  whenever  the  mount 
is  to  l>e  trained,  except  ,at  general  quarters. 

7.  Never  shift  the  elevating  gear  or  thetrainr 
ing  gear  to  hand  drive  while  the  mount  is  mgving. 
And  always  verify  that  the  mount^and  the  signal 
are  synchronized  before  shifting  to  power  drive. 

8.  Live  440-v  leads  are  exposed  v^enever- 
controller,  motor  terminal  boxes,  and  some 
equipment  covers  are  open*  Disconnect  all  power 
supply  switches  if  electrical  equipment  is  being 
worked  on*  Tag  switches  when  men  are  working 
on  the  equipment.  Never  leave  a  power  switch 
ON  when  leaving  a  control  point  to  investigate 
power  failure. 

9.  Always  open  the  440-v  power  drive  supply 
at  each  controller  whenever  personnel  mount  the 
ppQjector  to  load  or  do  any  maintenance  work* 

10.  Always  keep  the  safety  plug  and  the  firing, 
key  out  of  their  receptacles  except  when  actually 
firing  or  testing.  Always  remove  the  safety  plug 
and  firing-  key  before  circuit  testing  a  loaded 
projector.  Remove  the  plug  also  before  shifting ' 
the  test  switch  from  its  test  position  to  S  (safe). 

11.  RemOTC  chargesfromspigotsbeforetesting 
any  of  the  electric^Ll  circuits  except  when  making 
the  routine  circuit  test  |^or  to  firing.  (For 
details  on  performing  tests,  see  the  OP  on  the 
equipment). 

12.  Keep  all  personnel  away  from  the  blast  area 
yf/hen  either  the  safety  plug  or  the  firing  key  is 
Inserted  into  its  receptacle  while  charges  are  on 
the  spigots.  And  always  keep  the  firing  panel  and 
safety  plug.  dry. 

13.  Whenever  firing  circuit  or  panel  wiring  is 
serviced  or  replaced,  check  it  by  performing  all 
tests  for  the  unloaded  projector*  f 

GUIDED  MISSILE  LAUNCHING 

SYSTEM  Mk  25  **  { 

The  igStiowing  general  safety  precaution  are  re- 
commet^ed '  precautions  that  personnel  must 
understand  and  apply  during  operation  and  main- 
tenance of  Guided  Missile  Launching  System  Mk 
25  Mod  0. 

This  launching'  system  employs  electribg^l 
power  that  may,  in  some  circun^stances,  be  as 
'higji  as  approximately  750  volts.  All  electrical 
power  must  be  considered  potentially  dangerous, 
either  by  causing  bums  or  by  electrical  shock* 
Do  not  replace  components  with  electrical  power 
turned  on*'  Under  certain  conditions  dangerous 
electrical  potentials  may  exist  even  thou^  elec- 
trical power  is  turned  off  due  to  charges  retained 
by  capacitors.  ' 
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Do  not  perform  maintenance  procedures  on  the 
GMLS  unless  accompanied  by  someone  capable.* 
of  rendering  aid.  Accidental  contact  with -high 
voltage  could  result  in  uncunsnuusncbto*  Ludver- 
pnt  movementof  the  launcher  during  niaintenance 
can  also  result  in  serious  or  fatal  injur>  to 
personnel. 

Personnel  working  with  or  near  high  voltages 
should  be  familiar  with  modern  methods  of 
resuscitation. 

Have  observer  ensure  that  launcher  area  is 
clear  of  personnel  before  closing  launcher  area 
safety  switch  (SMX4).  Launcher  runav\a>  in  train 
or  elevation  could  result  in  injury  or  death 
to  personnel. 

'The  launcher  guide  is  nose  heavy  when  empty 
and  breech  heavy  when  loaded  with  missiles. 
Always  engage  and  hold  elevation  hand  crank 
before  disengaging  elevation  power-off  brake  to 
avoid  possible  personnel  hazard. 

Improper  handling  of  the  missile  can  result 
^in  damage  to  the*  missiles  and  create  ha,£aids 
to  personnel.  All  per&onnel  must  be' familiar  with 
approved  missile  handling  techniques. 

Verify  that  the  missile  igniter  safe-arm 
lever  adjacent  to  aft  missile  lligs  is  in  SAFE. 
Accidental  ignition  of  the  missile  rt)cket  motoi 
could  result  in  serious  or  fatal  injur}  t<;)  personnel. 

.Use  extreme  care  when  straightening  wave- 
guide clips  to  avoid  flexing  walls  of  motor 
com'Tustion  chamber.  Flexing  of  walls  ma>  cause 
weakening  of  jnotor  housing. 

When  moving  launcher  into  elevation,  ^de- 
pression, or  train  limit  stops,  txkvn  handwheel 
slowly  to  prevent  equipment  damage. 

Ensure  that  the  resetting  tool  latches  upon 
completion  of  a  stroke.  Pressure  must  be  main- 
tained on  the  handle  until  the  strok#  is  complete' 
and  the  latch  has  operated,  or  until  itis  determined 
that  it  is  impossible  to  complete  a  full  stroke. 
If  unable  to  complete  a  full  stroke,  allow  handle 
to   return  to  forward  position  under  *  control. 

If  installed,  ensure  that  phase-C  antenna  on 
underside  of  missile  enters  opening  m  aft  chock 
of  loader.  Ensure  that  missile  motor  safe-airm 
mechanism  fits  forward  of,  and  does  not  strike^ 
aft  chock  of  loader.  Ensure  that  missile  radome 
does  not  strike  loader  cross  brace  when  missile 
is  placed  on  loader. 

Movement  jand  tilt  of  the  loader  r^ust  be 
coordinated  to  ensure  that  missile  does  not  hit 
either  guide  rail  or  guide  track  cover. 


ROCKET  LAUNCHING  SYSTEM  , 
Mk  28  Mods  1  and  5  .  , 

Personnel  assigned  to  operate  or  maintainthe 
Rocket  Launching  System  Mk  28  Mods  1  land  5 
shall  be  familiar  with  naval  safety  precautioijs 
for  anrfmunition  handling  and  launcher  operation. 
In  addition,  these  personnel  shall  recisive  a 
thorough  indoctrination  in  the  saffety  precautions 
applicable  to  the  launcher.  * 

WTienever  any  motion  of  a  power-driven  unit . 
is  capable  of  inflicting  injury  on  personnel 
or  material  not  continuously  visible  to  the  person 
controlling  such  motion,  the  officer  or  petty 
officer  who  authorizes  the  unit  to  be  movefd' 
by  power  shalU  except  at  general  quarters,  entSure 
that  a  safety  watch  is  kept  in  areas  wher^  such 
injury  is  possible.  Also,  the  officer  shall  ensure 
there  is  telephone  orother  effective  voice  commu- 
nication between  the  sta^on  controlling  the  unit 
and  the  safety  watch.  Under  these  conditions,  the 
controlling  station  shall  obtain  anall-clear  report 
from  eacii  safety  watch  before  starting  the  unit. 
Each  safet>  w^tch  shall  keep  his  assigned  area 
clear  and,  if  unable  id  dp  so,  shall  im-nediately 
report  his  unit  fouled,  and  the  controlling  station 
shall  promptly  stop  the  unit  until  the  area  is 
again  reported  clear.  ^ 

Use  safety  devices  provided  for  ^e  launcher 
as  designated.  Keep  the  safety  devices  opei^ative 
and  in  good  order  at  all  times.  Inspect  all 
safety  devices  frequently. 

If  safety  devices  are  rendered  temporarily 
inoperative  on  approval  of  competent  authority, 
use  signs  or  oUier  appropriate  means  to  warn 
personnel.  Do  not  secure  inoperative  safety 
devices.  Do  not  alter  safety  devices  except  by 
direction  of  I^AVORDSYSCOM  or  other  competent 
authority.  Do  not  allow  unqualified  or  unauthorized 
personnel  to  operate  the  control  panels.  Trainees 
or  other  persons  undergoing  instruction  shall 
operate  panels  only  under  the  strict  supervision 
of  a  qualified  and  responsible  operator. 

Keep  the  covers  of  switches,  circuit  breakers, 
and  other  electrical  equipment  securely  closed 
while  powder  or  other  explosives  are  in  the- 
vicinity.  Do  not  close  circuit  breakers  that  have 
opened  due  to  an  overload.  Always  have,  0(ie 
person  available  who''  is  familiar  with  first  aid 
procedures  for  electrical  shock. 

Program  with  extre^me  care  all  work  to  be 
performed  iq^lethal  voltage  areas.  Do '  not  work, 
on  live  circuits  unless  it  is  absolutely  necessary.  . 
Under  certain  conditions,_^angerou8 potential  may 
exist  in  electronic  circuits  after  the  power  is 
shut  off.  When  such  potentials  are  suspected. 
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'  discharge  the  appropriate  components  befofe 
'touphiqg  them.  '  v  ^ 

Before  working  on  any  launcher  equipment,, 
remove  and  retain  the  keys  of  POWER  DRIVE 
,SAFE-ENABLk   switch  ,and  FIRING  CIRCUIT 
'  SAFE-ARM  switch  on  LoCal  Control  Panel. 

If  clothing  bec;omes  drenched  with  hydraulic 
fluid,  change  into  dry  clothing  immediately. 
^\Tien  m  prolonged  contact  withthe  skin,  hydraulic 
fluid  can  ipjure  health,  , 

All  safety  precautions  normall>  followed  in  , 
stowing  and'  handling  rocket  components  shall 
.  be  observed.  These  include  the  following: 

1 .  Observe  all  stow  age  conditions  specified  for 
smokeless  powder  and  high  explosives. 

2.  Do  not  smoke  within  200  feet  of  exposed 
rocket  ammunition. 

3.  Keep  at  least  25  feet  away  from  the  rocket 
launching  areas.  Do  not  stand  or  walk  ne^r  th^ 
front  and  rear  of  loaded  rocket  launchers. 

4;  Do  not  tamper  with,  or  attempt  to  repair, 
any  parts  of  the  round^  If  the  round  is  damage 
or  defective,  remove  the  chaff  head  from  the 
motor  and  mark  .the  defective  part  for  return 
to  the  issuing  activity  for  disposition. 

•  Electromagnetic  Radiation 

ih^  ZUNT  rpck^t  motor  requires  oarefiil 
handling  to  avoid  •  dam^ng  the  long  thin  pro- 
pellant  grain  and  to  prevent  accidental  ignition  ' 
of  the  rocket  motor  .from  static  or  hazardous 
electromagnetic  radiation,  ^^'hen' loading  or  un- 
loading ZUNI  launcher  pods,  any  communicatiod 
antenna  radiating  niore  than  .5  watts  "Of  power 
within  10  feet  of  the  launcher  should  be  silenced. 
The  Hazards  of  Electromagnetic  Radiation  Of 
Ordnance  (HERO)  is  most  pronounced  during 
weapon  assembly ,  di^ssembly ,  loading,  unloading, 
and  testing.  The  effects  of  electromagnetic  ra- 
diation on  a  weapon  are  reduction  of  the  weapons 
reliability,  propellant  ignition,and,insomecases^ 
.the  possibility  of  warhead  detonation.  Any  weapon^ 
that  contains  electro-feicplosive  devices  called 
EEDs  is  subject  to  electromagnetic  radiation. 
EED  devices  rSquixe  a  small  voltage  for  actuation, 
these  devices  are  used  fn^some  types  of  VT' 
projectile  fuzes  and  are  now  used  for  initiation 
of  booster  rocket  igniters  and  warhead  detonators. 


They  are  also  used  for  niissile  st^  separation 
in  multistage  rockets  and  for  reliable  hi^  speed 
operation 'of  switches  and  valves  within  a  weapon. 

Electromagnetic  radiation  is  a  term  used  to 
describe  the  energy  radiated  by  radio  and  radar 
ti^smitting  equipment.  The  energy  is  more 
commonly  referred  to' as  radio  waves,  radio-fre- 
guency  energy,  or  RF  energy. 

Whenever  current  flows  in  an  electrical  cir-  - 
cuit,  such  as  a ''transmitting  antenna,  magnetic 
and  electric  energy  fields  are  set  upinthe  region 
around  ^the  antenna  and  radiated  into  space.  ' 

If  a'  conductor  is  located  in  the  path  of 
radiat€|d  waves  of  energy,  a  /voltage  could  be 
induced  into  tiie  conductor,  causing  a  small 
amount  of  current  to' flow.  BF  energy  emitted 
froijri  a  two-way  automobile  radio  h^ts  bpen  known 
to  set  off  an  electric  blasting  c€^.  This  is  the 
reason  for  the  signs^  along  highways  warning 
motorists  to  turn-off  their  radios  \^en  blasting  ^ 
is  being  Conducted.  Radiation  hazard  signs  are 
also  posted  aboard  ships  warning  personnel  of 
radiation,  hazards^ and  the  distarice  In  which  the. 
radiation  could  effect  the  health  of  personnef. 
The  commanding  officer's  policy  for  prevention 
of  hazardovis  conditions  to  weapons  and  personnel 
requires  coordination  between  the  appropriate 
departments  of  the  ship  responsible  for  RF  energy 
transmitting  and  the  personnel  responsible  for 
c^rdnance  handling  as  well  as  the  medical  de- 
partment. '  ^  . 
'  RF  energy  may.  enter  a  weapon  as  a  ^ave  of 
radiation  throu^  a  hole  or  crack  in  a  weapon's 
skin,  or  it  may  be  conducted  Jjnto  the  weapon 
by  firirig  leads  or  other  wires  that  penetrate 
the  weapon  enclosure. 

The  precise  probabilities  of  EED  activation 
are  relatively  unpredictable,  being  dependent  upon 
Variables  of. frequency,  field  strength,*  geometric^ ^ 
orientation,  environment,  and  metallic  or  per- 
sonnel  contacts  with  the  ordnancaitems.  ^ 

Several  shipboard  incidents  involvihg  ordnance 
Jtems  have  been  attributed  to  initiation  of  thfeir 
5EDs  by  electromagnetic  radiation  from  the  ship's 
transmitting  equipment. 

'  When  working  on  any  weapon  system  com- 
ponent, practice  safety  While  learning  and  while 
maintaining  the  weapons  equipment.  Read  all 
the  safety  precaiitions  carefully,  and  be  aware 
of  dangerous  situations.  Take  time  to  be  SAFE. 
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This  is  a  good  time  to  answer  the  question 
that  has  probably  occured  to  you:  "Why  fun  1, 
a*  Gunner's  Mate,  concerned  with  fire  control?" 
There  are  two  important  answers  to  this, 

vOne  is  that  the  field  covered  by  the  rating 
primarily  concerned  with  fire  control  has  been 
e^qpanding  so  rapidly »  especially  since  tlm  second 
World  W£U:,  that  sonie  parts  of  it  have  become 
the .  t^sponsibilities  of  other  ratings.  That's  why, 
for  example,  the  Sonar  Technician  now  operates 
and  maintains  some  of  the  gear  that  used  to  be 
identified  with  the  Fire  Controlman,  Similarly, 
the  Gunner's  Mate  is  responsible  for  a  good  deal 
that  used  to  be  in  the  Fire  Controlman*s 
bailiwick  —  power  drives,  indicator- regulatory, 
some  aspects  of  battery  alignment,  and  the  like. 
The  empire  of  the.  Fire  Controlman  (now  the 
Fixt5  Control  Technician)  has  changed  too  — it 
includes  electronics,  radar  equipment,  and  other 
subject  matter  not  originally  identified  with  it. 
So  that  now  you,  as  a  Gunner's  Mate,  are 
e;q)ected  to  learn  more  about  fire  control  —  and 
about  hydraulics  and  electricity  —  not  because 
you're  beipg  remolded  into  a  Fire  Control  Tech- 
nician but  because  these,  among  others,  are  now 
the  Gunner's  Mate's  business. 

The  second  answer  has  to  do  with  the  fact 
that  a  Gunner's  M^te  must  b^able  to  qualify  as 
a  mount  captain.  This  means  you  must  be  pro- 
ficient enough  '  in  fire  control  techniques  and 
basic  knowledge  to  supervise  your  mount's  func- 
tioning in  local  control,  ^ 

There's  a  third  answer  too,  and  it  has  to  do 
with  your  own  future,  Yj>\x  may  want  to  earn  a 
Gunner's  warrant  rank  eventually.  To  qualify, 
you'll  have  to  know  your  fire  control. 

By  the  time  in  your  career  as  a  Gunner's 
Mate,,  you  know  that  the  term  ''fire  control" 
as  it's  applied  in  gunnery  has  nothing  to  dp 
with  how  you  use  ^  fire  extinguisher  on  the. 
bulkhead.  But  what  .DOE&  it  mean,  exactly?. 
Naval  Ordnance  and  Gunnery,  NAVEDTRA 10783- 
C,  defines  fire  ^control  as  ''The  practical  appli-  > 
cation  of  exterior  ballistics,  and  the  methods  and^ 


devices  used  tq^  control  guns  iuid  other 
weapons  ,  ,  ,"  X^other  way  to  put  it,  in  terms 
of  weapons,  misshes,  and  targets,  would  be  to 
say  that  fire  control  is  ^the  pjcocess  of  con- 
tinuously determining  the  exact  Instantanious 
relationship  between, a  weapon  and^its  target,  and 
then  using  ^t  information  to  cause^e  weapon's 
projectile  or  missile  to  strike  or  inflict  maxi- 
mum damage  on  that  target. 

Fire  control  is  the  technique  of  delivering 
effective  fire  on  a  selected  target.  It  includes 
the  material,  personnel,  methods,  communica- 
tions, and  organization  necessary  to  harass, 
damage,  or  destroy  the  enemy.  Within  the  Navy, 
however,  the  teriti  Has  been  customarjily  re- 
stricted, to  the  control  of  gunfire,  while  more* 
specific  terms  sucli'as  torpedo  fire  control  and 
rocket  fire  control  are  used  for  other  wec^ns. 

The  fundamental  problem  of  gun  fire  control 
is  to  direct  the  gun  in  such  a  way  that  the  pro- 
jectile will  hit  the  designated  target.  If  the 
target  is  stationary  and  close  enough,  tte  problem 
is  not  difficult.  Complications  are  introduced  by 
increasing  the  range,  by  shooting  from  a  moving 
platform  such  as  a  ship,  by  shooting  at  moving 
targets,  and  by  shooting  many  guns  with  centra-  . 
lize^  control  at  the  same  target.  The  increase  in 
range  increases  the  ,timecfflight  of  the  projectile, 
allowing  gr%vity  to  exert  its  influence  over  a 
longer  period  of  tiihe  and  to  cause  the  projectile* 
.to  fall  more  and  more  below  the  projected  axis 
of  the  bore  of  the  gun.  The  increase  in  time  of 
flight  also  permitsgreater  accumulationof  errors 
caused  by  motion  of  own  ship  and  target  or 
ballistic  factors  such  as  windk^and  drift,  AB 
battle  range  and  t^get  sp^ed  increase,  require- 
ments for  greater  accuracy  of  measurements 
and  for  more  'exacting  computation  increases, 

EARLY  FIRE  CONTROL 

The  development  of  fire  control  as  a  science 
and  09  an  art  hlas  been  pretty  much  the  .product 
of  the  last  century  ahd  a  half.  Prior  tolSOOt 
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there  wa&  no  need  for  elaboiate  fixe  control, 
J)ecau&e  the  gun&  theniSit^lves  werq  iuaccuiato 
Except  at  .short  rangeb.  Battle  rangeb  of  the 
period  were  pistol  shot  (about  50  >ards)  and 
,   half  pistol  shot  (about  20  yards). 

Sighting  con&isted  chiefl>  of  setting  the  gun& 
in  azimuth,  and  of  leveling  them,  b>  e>e,. Some- 
times allo>\  ance  for  the  cur  v  ature  of  the  ti  a jectui  y 
was  made  by  sighting  by  the  line  of  metal'*. 
This  .was  done  by  aligning  the  top  of  the  bfeeoh 
and  the  top  of  the  niuz^le  with  the  point  of  aim, 
causing,  the  gun  to  be  elevatefl^  by  the  aniount  of 
the  taper  of<^the  gun  froni  breecji  to  muzzle. 

Little  attempt  was  made  .to"  regulate  initial 
velocity. '  Powder  charges  were  estimated,  and 
the  projectile  loali-  was  variable.-  One  shot  oi" 
several  shots  were  used  for  a  charge,  and  a't 
close  quarters  guns^weie  frequently. loaded  to 
^  the  muzzle  with  grape'' shot. 

I^autical  gunnel  s  be^hine  aware  of  the  probleni 
of  de^ok  tilt  for  9bvious  reasons.  One  earl>  device 
for  ooirectmg  the  roll  of  the  sliip  was  a  roiind 
shot  suspended  from  a' spar.  The  gunner  watched 
this  imprbvised  pendulum  swin^  with' the  roll  of 
the  ship  andjustbefoieit  wasparEillel  to  the  niast, 
he  applied  his  slow  match  to  the  tcyuch  hole  "bt  (he 
piece.  Another  jpragtiue  depending  upon  the  roll 
of  the  ship  was*^^that  of  firing  at  the  crest  of  the 
roll  to  increase  the  range . 

MOM) UN  FIRE  CONTROL    -  ^  - 

Today,  fire  control  mstrunients  used  in  con- 
junction with  guns  axe  liniited  in  range  and 
accuracy  only  by  the  inherent  accuracy  possible 
with  P^ojec^Ues  fired  from  guns.  And  the  whoL 
scope  of^^S^ontrol  itself,  as  a  technique  fo 
destruotioS«o  that  guns  will  do  the  niaximum 
damage  to  the  enen^y,  has  been  broadened.. 
VVhere  fixe  contiul  once  nieant  only  control  of 
gunJUie,  it  now  applies  to  control  of  guided 
missiles,  locketb,  and  weapons  diiecled  against 
underwater  targets.  In  this  chaptei  we  will  cover 
the  gun  fire  control  pioblem  as  it  relates  to 
you  as  a  Gunner^s  Mate. 


BALLISTICS 

Ballistics  is  the  science  of  the  motion  of 
projectiles.  It  is  divided  into  two  branches, 
mterioi  and  exterior  ballisticsu  Interior  bal- 
hstics  IS  that  ^blanch  of  the  science  which 
relates  to  the  motion  of  the  projectile  while  In 
the  gun.  rhe  initial  velocity  {l.W)  of  the  pro- 
jectile is  a  result  of^the  forces  involved  in  the 


general  term,  interior  4Dallistics.  Exterior  bal-\ 
listics  pertains  to  the  projectile  after  it  leayas 
the  gun.  Obviously  I.V.  is  the  one  value  common 
to  both  interior  and  exterior  ballistics.  , 

Gun  design  is  essentially  a  compromise,  The 
gunner  wants  ..niaximum  I.V.  for  great  range  and 
fla^  trajectory;  the  designer  'mtc§l  consider  the 
strength  of/liis  gun,  and  desires  minimum  wear 
and  erosion.  Interior  Ballistics  includes  the  study 
of  (1)  the  combusUon  of-,  the  powder,  (2)  the 
pressure  developed  within  the  gun,  (3)  the  varia- 
tions in  p;*essures  and  velocities  with  change's 
in  any  of  the  ''condttlpps  of^lbading,''  and  (4) 
erosi^  of  the  bore.  * 

EXT  ERIOR  BALLISTICS  ^ 

1.  MOMENTUM,  As   you   remember  from 
Newton's  laws  of  motion,  any  material  object 
has  inertia  and*  if  moving,  tends  to  continue 
its  motion  at  ronstant  velocity  (i.e.,  at  constant 
speed  in  a  straight  lioe).  The  important  values 
in  determining  the  momentum  of  a  projectile 
are   its  I.V.  (initial  velocity)  and  its  mass. 
I.V.  is  measured  in  feet  per  second  (usually 
abbreviated  fs)'^as  the  projectile  leaves  the  gun 
muzzle.  Mass  is  conventionally  measured  in 
pounds  (a  convenient  Ineasure,  if*  not  strictly, 
correct  scientifically).  If  no  other  factors  af- 
fected its  motion,  any  gun  projectile  would  have 
a  straightrline^/^ajectory.  ^ote  also  that  all 
naval  guns  (exceptTj^few  special  purpose  devices) 
are  designed  to  niafe  the  projectile  spin  at 
sp^ed  on  its  long  axis.  This  m^s  the  long  axl"^ 
of  the  projectile  tend  to  ipaintain  a  fixed  altitude ' 
in  space  while  in  flight. 

2.  GILWITY.  On  the  earth's  surface  (and 
[this  effect  varies  only  slightly  4n  different  local- 
ities and  at  different  altituc^  up  to  ^several' 
miles)  all  material  objects  W^^S^eCt  ip^ike 
earth's  gravitational  attractronroKich  pulj^&em 
toward  the  earth's  center.  Any  unsupportefi^ject 
therefore  tends  to  fall  at  a  constant  acceleration 
oL  about  32  feet  per  second.  Gun  projectiles  are 
unsupported  (except  yocket  assisted  projectiles 
(RAP))  onc^  they  leave  the  gun's  muzzle;  unlike 
rockets,  thdy  are  not  supported  by  propellant 
thpist.  T'hey  therefore  fall  with  the  same^accelr 
eration  as  if  they  had  beeh^opped,  not  fired. 

The  idea  may  be  novel^^^e  student,  but  the' 
fact  is  that  a  projectile  fired  from  a  horizontally 
aimed  ^gun  will  strike  the  surface  of' the  sea  at  the 
same  instant  as  a  similar  projectile  that  has 
merely  been  dropped  from  the  same  height  above 
the  water.  It  ^is  of  course  tvne  that  the  fired 
projectile  will  hit  the  water  some  distance  away 
(part  A  fig.  12-1). 
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Under  the  influence  of  momentum  and  gravity 
.  (but  of  no  other  factors)  the  trajectory  of  a  pro- 
jectile will  be  one  of,  a  family  of  symmetrical 
curves  called  parabolas.  For  a  given  I.V,  and 
projectile  mass,  the  projectile  travels  farthest 
from  the  gun  if  the  gun  barrel  is  elevated  to 
make  a  45**  angle  with  the  horizontal  (part  B, 
fig.  12-1).  " 

3.  AIR  RESISTANCE.  As  figure  12-2  (based 
on  an  instantaneous  wind-tunnel  photograph) 
shows,  a  projectile  traveling  at  a  speed  of  up  to 
3,000  feet  per  second  creates  a  considerable 
^disturbance  in  the .  air.  At  such  speeds, 'air 
at  sea-level  density  is  far  from  insubstantial, 
and  its  resistance  significantly  6lows  the  pro- 
jectile throughout  its  flight.  Air  resistance  affects 
,the  trajectories  of  all  projectiles,  taut  its  effects, 
which  depend  on  air  density,  are  much  greater  on 
less  massive  ones^ 

The  trajectory  as  affected  by  momentum, 
gravity,  and  air  resistance  is  still  more  or  less 
parabolic,  but  -is  not  symmetrical;  the  projectile 
is  traveling  slower  as  it  approaches  the  end 
of  the  trajectory,  and  (fig.  12-3)  it  falls  at  a 
larger  angle  with  the  horizontal  (tending  toward 

4.  WIND.  Wind  is  air  movement.  Movement 
of  the  air  with  respect  to  the  earth  is  called 
true  wind.  Air  movement,  caused  by  the  motion 
of  a  ship  is  called  relative  wind  for  that  ship. 
Apparent  wind  is  the  vectorial  sum  of  these  two 
winds,  and  it  is  the  quantity  read  fifem  the  ship's 
anemometef .  Wliid  speed  is  measured  in  knots, 
and  wind  direction  m  degrees  from  the  reference 
(true  north,  or  ship's  bowj^ clockwise  to  the 
direction  from  .which  the  wind  is  blowing.  By 
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Figure  12-2.— Portrait  Of  a  projectile  inflict. 


12.4 

Figure  12-3.  — Comparison  of  vacuum  and 
air  trajectories. 

vectorial  analysis,  apparent  wind  cai)  be  resolved 
into  relative  wind  and  true  wind.  True  wind  is  the 
wind  input  to  fire  control  computers.  True  north 
is  the  reference  for  true  wind,  thus  true  mnd 
is  independent  of  ship* s  movement;  however,  both 
relative  wind  and  appareiit  ^nd  depend  on  own 
ship's  course  and  speed.  ^ 

In  fire  control  computers,  true  wind  is  re- 
solved into  two  components  with  respect  to  the 
line  of  fire.  One,  called  range  wind,  lies  in  the 
line  of  fire  and  may  either  accelerate  or  de- 
celerate a  projectile.  Ctoss  wind  is  the  other 
component;  it  blows  at  right  angles  to  the  line 
of  fire  moving  the  projectile  to  the  left  or  right 
of  its  planned  trajectory.  These  components  and 
their  effects  are  automatically  computed,  and 
automatic  corrections  are  made  to  the  gun's 
position  in  train  and  elevation. 

A  ship's  anemometer  measures  surface  wind, 
but    .a    projectile's  trajectory  passes  through ' 
various  altitudes.  These  altitudes,  primarily 
because  of  air  density  and  ^temperature,  ha.ve 
different  >yind  velocities  than  those  on  the  earthl|i 
surface.  A  ship's  meteorologist  can  tract  ffie 
flight  of  a  balloon  and  measure  the  velocitie's  and  * 
directions     of     tropospheric     winds.  (The<^ 
troposphere  being  that  portion  of  the  atmosphece 
which  extends  outward  about  7  to  10  miles  from 
the  earth's  surface).  Or,  periodic  wind  reports 
are  often  received  by  radio  from  a  shore  station' 
which  has  better  wind  measuring  facilities.  Most 
Bhipep  do  not  have  a  meteorologist  on  boarxi;^ 
they  have  to  depend  on  reports  from  other  ships , 
or  stations*  *  . 

When  all  .winds  are  taken  into  account,  they- 
are  combined  mathematic^y  into  one  wind  di-  ^ 
'rection  and  speed  which  would  have  the  sanie  total 
effect.  This  is  the  ballistic  wind  that ip  introduced 
into  the  fire  control  tomputatiohs. 

5.  DRIFT.  Drift  (fig.  12-4)  is  a  defjection  ^ 
th0  trajectory  to  the  right,  and  is  caused  by  the 
interaction  of  gravity,  air  resistance,  and  the 
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Figure  Clockwise  projectile  spin  causes  drift  to  the  right. 
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projectile*s  clockwise,  spin.  (Counterclockwise 
spin  would  deflect  the  trajectory  to  the  left,  but 
all  naval  guns,  except  the  45  caliber  pistol, 
have  clockwise  rifling).  Drift  Is  directly  pro- 
portional^ to  range.  -It  is  independent  of  wind. 

INTERIOR  BALLISTICS 

.  Propelling  charges  are  designed  to  bum  in 
the  chamber  of  the  gun  in  such  a, way  that  they 
develop  maximum  projectile  velocity  without  ex- 

.  cessive  heat,  j)ressure,  or  erosion.  Ideally,  the 
most  efficient  propellant  for  a  gun  is  so  balanced 
that  the  charge  is  entirely  consumed  immediately 
before  the  projectile  leaves  the  muzzle. 

To  approach  this  ideal,  propellant  burning 
rate  must  be  controlled  so  that  the  propellant 
Is  suited  to  the  specifle  gun  in  Nyhich  it  is  to  be 
used.  The  dominant  f adtor  in  determining  burning 
rate  of  a  given  propellant  .composition  is  the 
surface  area  per  unit  weight  of  propellant.  The 

-  greater  the  area  per  linit  wel^t,  the  faster  the 
burning  rate.  (Other  but  less  significant  factors 
include  the'  percentage  of  nltrs^on,  moisture 
content,  content  of  volatiles,  and  'the  stabilizer 

used).  •  < 

As  you  know,^  gun  propellant  compositions 
are  manufactured  as  homogeneous  cylindrical 
grains  of  uniform  diameter,  length,  and  number 
of  perforations  (fig.  12-5),. with  larger  grains  for 
larger  caliber  guns/PCr  'a  given  muzzle  velocity. 


larger  caliber  guns  require  a  slower  burning 
propellant  than  smaller  caliber  guns,  since  the 
distance  is  proportionately  longer  and  thepowder 
ipust  burn  for  ^  longer  time.  Other  things  being 
equal,  larger  grains  have  smaller  area  per  unit 
weight,,  hence  slower  burning  rate. 

Propellant  powder  grains  for  guns  40-mm 
and  larger  have  7  perforations.  Since  burning 
rate  climbs  rapidly  in  smaller  size  powder 
grains,  there  is  only  one  perforation,  or  none 
at  all,  in  grains  for  calibers  smaller  than  40-mm. 

A  propellant's  potential,  is  the  total  work  that 
'the  gases  of  combustion  could  perform  while 
e3q)anding  from  the  solid  state  to  the  space  they 
would  occupy  wjien  fully  expanded  to  atmospheric 
pressure  and  when*  cooled^ to  a  specified 
tj^mperature.  '  • 


Figure  12-5.- 
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■  Perforated  propellant  powder 
grains,  * 
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In  the  average  conventional  gun,  some  60 
percent  of  the  potential  disappears  in  muzzle 
loss;  30  percent  is  transmitted  to  the  projectile, 
and  all  other  losses  — such  aa  heating  the  pro- 
jectile ^d  gun,  causing  the  gun  to  recoil,  and 
so  forth—  amount  to  about  10  percent. 

Strength  Vs.  Pressure  Relationships 

Figure  12-6  illustrates  a  basic  principle  of 
gun  design*  The  figure  may  be  taken  a^  typical 
of  the  strength-pressure  relationship  in  modem 
guns*  Note  that  the  1al^  breech  strength  is 
carried  well  forward  of  the  point  of  maximum 
pressure.  The  gun  strength  at  every  point  must 
exceed  the  powder  pressure  at  that  i>oint  by  an 
amount  that  will  provide  a  suitable  margin  of 
safety. 

The  curve  as  it  appeared  in  figure  12-6 
shows  pressure  beginning  at  a  value  well  above 
zero.  This-  indicates  the  pressure  build-up  that 
occurs  after  the  prqE>©lling  charge  begins  to  butn 
but  before  the  projectile  begins  to  move,  (The 
X-axis  in  the  figure  represents  projectile  move- 
ment in  the  bore,  not  time  or  bore  length).  The 
projectile  begins  to  move  only  after  the  propellant 
gas  reaches  the  initial  forcing  pressure  required 
to  initiate  movement  of  the  projectile  in  spite 
of  projectile  inertia  an*  the  engagement  of  the 
rotating  band  in  the  rimng,      '  ^ 

Note  that  the  gun  strerigthcurve  is  represented 
as  a  strai^t  b:>rizontal  line  above  the  area 
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Figure  12-6,— Typical  gun  strength  and 
pressure  curve. 


between  the  point  of  initial  forcing  pressure  and 
the  point  of  imaxlmum  pressure.  It  does  not  vary 
in  parallelyWith  pressure  curve.  The  reason  is 
that  the  same  pressure  that  th&e;q3anding  gases 
exert  against  the  base  of  the  prdjectile  is  exerted 
equally  against  all  interior  surfa^s  of  the  gun 
behind  the  projectile.  Hence  the  breech  part  of 
the  barrel  must  be  designed  for  the  maximum 
stress  to  be  imposed. 

After  the  projectile  passes  the  point  of  maxi- 
mxim  pressure,  it  continues  to  be  accelerated  by 
gas  pre*SBure  until  it  leaves  the  muzzle.  The 
total  area  under  the  curve»  iq?  to  the  point  where 
the  projectile  leaves  the  gun,  is  a  rough  measure 
of  initial  velocity,  and  the  pressure  remainiq^ 
at  the  muzzle  is  an  indication  of  the  muzzle  loss,  « 
A  hi^  muzzle  pressure  increases  muzzle  flash. 

Changes  in  Conditions  of  Loading 

The  term  "conditions  of  loading"  means  the 
powder  used,  the  wei^t  of  charge,  the  ^nsity  of 
loading,  the  volume  and  form  of  the  powder  cham-  / 
ber,  and  the  wei^t  of  the  projectile, 

a.  Powder  used  and  weight  of  charge.  Powders 
are  termed  quick  and  slow  in  reference  to  their 
rate  of  combustion  in  a  particular  gun,  Fof  in- 
stance, a  small-grain  powder  is  quicker  than  a 
larger  graia  of  the  same  shape  since  all  the 
grains  would  be  consumed  in  a  shorter  time. 
Not  only  will  the  larger  grain  increase  the  time 
required  for  burning  the  charge,  but  it  will  also 
cai^se  maidmum  pressure  ^  be  lower  and  to  be 
reached  later  in  the  travel  of  the  projectile.  The 
gun  pressure  curves  shown  infifeure  12-7  compara**^ 
slow  powders  and  quick  powders  where  the  -same  ^ 
weight  of  charge  was  used. 

Within  limits^  the  muzzle  velocity  for  a  par- 
ticular gun  may  be  increased  without  causing 
excessive  pressure'  by  increasing  the  size  oi 
the  charge  and  at  the  same  time  usiiig  a  powder 
that  burns  more  slowly.  See  figure  12-8* 

b.  Density  of  loading.  Density  of  loading  is 
^the  ratio  of  the  weight  of  the  charge  of  powder 
to  that  pi  the  volume  of  water  which,  at  standard 
temperature,  would  fill  the  powdtof  chamber.  It 
is  a  measure  of  the  amoimt  of  space  in  .which  the 
gases,  of  combustion  may  ejqpand  before^ the  prcf-  . 
jectile  .begins  to  move, 

*     A  hi^  density  of  loading  leaves,  but  little' 
space  for  initial expansionjconsec^enttypressure 
builds  up  rapidly.  The  maximum  pressure  behind  - 
the  projectile  is  reached  early  in  the  projectile *s  ^ 
movement  throu^  the  bore.  With  lower  density 
of  loading,  more.e;q)ansion  of  the  gases  mBy  take 
place,  before,  the  projectile  starts  to  mov^The 
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bag,  or  uBStacked  bag.  Since  the  specific  gravify 
of  ismokeless  powder  is  about  1.6,  the  following 
relationship  holds:  * 


Density  of  loading  -  1.6v, 


where 


110.58 

Figure  12-7. — Typical  gun  pressure  curves  show- 
ing variation  due  to  quiclaiess  of  powder,  same 
weight  of  charge. 


V  =  the  proportion  of  the  total  chamber 
volume  which  is  filled  by  the  charge. 

Hence  it  is  apparent  that  a  loading  density  of 
0.4  would  require  ^a  charge  filling  25  percent  of 
the  chamber  volume,  and  a  loading  dei;sity  of 
0.7  would  require  a  charge  filling  45  percent 
of  the  chamber  volume.  ^ ' 

^  In  the  following  example  we  find  the  charge 
4ffilling  percent  of  Tiie  chamber  volume  for  a 
loading  density  of  0.4. 


D  =  1.6v 
0.4  =  (l'.6)v 


110.59 

Figure  12-8.— Typical  gun  pjjessure  curves  show- 
ing jnethodB  of  obtaining  increased  muzzle  ve- 
locity in  a  gun  without  increasing  maximum 
pressure. 


maximum  pressure  is  achieved  later,  and  this 
maximum  is  lower  than  that  with  high  density  of 
loading.  (Compare  the  curves  in  figure  J.2-9). 
Other  factors  remaining  equal,  increased  (fensity 
of  loading  increases  maximum  pressure,  muzzi® 
velocity,  and  muzzle  loss. 

The  densities  of  loading  at  present  vary  be- 
tween 0.4  ahd'O.7,  depending  on  the  caliber  of  the 
'gun  and  on  whether  tlie  charge  is.  case,  stacked 


Wheii^e  density  of  loading  drops  markedly 
below^fie  above  figures,  irregularities  of  muzzle 
velocity  m£iy  be  e^qjected.  The  pressure  builds 
up  irregularly  instead  of  smoothly,  and  the  high 
point  may  be  reached  at  the  wrong  time. 
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Figure  12i-9.— Typical  gun  pressure  curves 
showing  variations  due  to  density  of  loading. 
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A  practical  example  of  the  importance  of 
loading,  density  would  be  a  projectile  lodged 
part  way  down  the  bore  of  the  gun,  greatly 
-  increasing  the  effective  chaniber  voluiiie.  Be- 
sides greatly  lowering  density,  andcausingpres- 
sure  beyond*  ihe'  area  of  maximum  barrel 
thickness.^  A  normal  powder  charge  used  to 
dislod^  a  projectile  so  positioned  might  cause 
the  gun  to  Jburst,  or  at  least  bulge,  immediately 
behind  the  projectile.- 

Very  high  density  of  loading,  on  the  other 
hand,  may  cause  detonation  of  the  propelling 
chSrget. again  resulting  in  a  burst  gun.' 

c,  Volunje  and  form  of  powdex  chamber.  The 
designer^  of  the  gun,  having  established  first  the 
desired '^u2Zle  velocity,  then  the  limiting  maia- 
mum  pressure  allowable  in  thevgun.(determined 
from  study  of-,  gun  cpnstructi'ori),  can  proceed 
■  to  determine  the  volume  and  form  of  the  powder 
chamber  and  th^^  weight  of  the  'Charge.  In  a 
particular  gun,  the  volume  and  form  the  powder 
chambe^r- change  pnly  because  of  erosion  at  the 
origin  of  rifling  and  improper  seating  of  the 
projectile,  ^ Causing  irregular  muzzle  velocity. 

Projectiles  differing  in  weight— for  example, 
high-capacity  and  armor-piercing  types  — can  be 
fired  frdm  a  given  gun. High-capacitV  projectiles, 
being  lighter,  will  have  a  slightly  higher  nmzzle 
velocity. 

Erosion 

Erosion  is  the  deterioration  and  wearing aw^> 
of  the  bore  surface  caused  by  firing  projectiles 
through  it.  Erosion  is  not  merely  the  direct 
effect  of  friction  which^  causes  the  bore  t^Urface 
to  wear  away  as  the  projectile, pas* se^  through. 
The  exact -mechanics  of  erosion  are  not  known 
with  precision,*  but  the  following  afe  recognized 
"  as  the  principal  causes; 

1.  The  bore  surface  be^toni^s  intense  1>  heated 
in  firing,  and  the  rush  of  hot  gaseb^  across  this 
hot  metal  has  a  scouring  effect. 

2.  The  hot  powder  gases  react  with  the  metal, 
changing  the  car|x)n  content  on  the  surface  of  the 
Bore.  Sincet  this  surface  is  designed  with  an 
qptimum  carbon  content,  ari>  ch^ige  xet^ultt.  in 
a  weal^j^ng  of  the  metal. 

3.  Tne  alternation  of  intense  heat  and  rapid 
cooling  affects  the  tejnper  of  the  metal. 

^  4.  The  propellant  gases  are  forced  into  and 
outzof  the  pores  in  the  metal  surface  as  they 
open  and  close  during  tl:ie  expansion  and  con- 
..traction  whioh  accompanies  such  drastic  tem- 
perature ^change  s. 


5.  Heat  cracks  may  develop. 

6.  Gases  escaping  around  the  projectile  act 
as  high-velocity  jets,  scouring  the  bore  and 
causing  daniage,  especially  where  there  are  heat 
cracks. 

EFFECTS.— Erosion  is  always  greatest  at 
the  origin  of  rifling  (fig.  12-10),  and  the  tops  of 
the  lands  wear  away  faster  than  do  the  bottom 
of  the  grooves.  1 

Erosion  ^  the  origin  of  rifling,  in  gun^'using 
-separate  loading  ammunition,  tends  to  permit 
■  the  projectile  to  sestt  fartiier  and  farther  toward 
the  muzzle.  This  reduces  the  density  of  loading 
and  therefore  the  I.V.  In  guns  Vising  iixed  am- 
munition^  this  effect  does  not  applyfbut,  in  all 
guns,  erosion  at  the  origin  of  rifling  permits  gas 
to  escape  around  the  projectile  and  this  in  turn 
increases  erosion.  ^ 

As  the  lands  wear,  not  onl^,  does  more  gas 
escape  around  the  projectile  but  tiie  rifling 
engfaves  the  band  less  deeply,  reducing  mate- 
rially both  the  initial  forcing  pressure /^d  the 
resistance  of  the  projectile  to  the  gas  pressure. 
The  effect  is  a  material  drop  in  muzzle  velocity. 

tONTROL  OF  EROSIOPT.-All  erosion  fac- 
tors are  related  to  (1)  the  temperature  of  the 
expanding  gases  and  (2)  the  duration  of  their 
confinement  in  the, bore..  Hence  larger  guns,  with 
their  slower  powders  and  longer  barrels,  suffer 
more  erosion  per  round  fired  than  smaller" 
guns.  On  the  other  hand,  smaller  guns  have  a 
higher  firing  rate,  which  permits  less  cooling 
time  between  rounds. 

Chromium  plating  of  gun  bores  has  reduced 
erosion  effects;  the  use  of  molybdenum  will 
probabl>  make  fo^  even  better  erosion  resistance 
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Figure  12-l6.  — Erosion  ateas  in  a  gun  chamber 
and  bore. 
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in  the  future.  Some  smaller  guns  are  tsooled  by 
water  jackets  around  the  barrels,  and  there  have 
been  e3q>eriments  onintroducing  a  coolant  between 
the  tubes  and  the  liners  of  larger  guns.  Also 
reducing  the  heat  of  e:q)losion  will  aid  in  erosion 
control. 

There  Is  much  more  to  interior  ballistics  than 
has  been  taken  up  in  this  section,  but  you  have 
read  enou^  here  to  grasp  the  general  nature  of 
this  branch  of  gunnery.  Here  are  repeated  the 
main  points  of  the  discussion,  by  way  of  summary; 

1.  Using  the  same  weight  of  charge,  a  slow' 
powder  produces  a  smaller  maximum  pressure 
than  a  fast  powder,  and  attains  this  maximum 
pressure  later  in  the  travel  of  the  proiectile. 
^2,  Increasing  the  wel^t  of  a  charge  of  powder 
of  a  given  grain  size  Increases  the  m^iximum 
pressure  attained  and  causes  this  maximum  to 
occur  earlier  in  the  travel  of  the  projectile. 

3.  Because  of  muzzle  loss  and  Irregularity 
ot  velocity,  slow  powders  are  less  efficient  than 
fast  powders. 


4.  The  muzzle  velocity  of  a  given  gun  may  be 
Increased  wijthin  limits  by  usinglargpr  charges  of 
slower  propellants. 

,  » 
FIRE  CONTROL  PROBLEM 

TARGET  POSITION  ,  . 

In  the  fire  con^ol  problem,  target  position 
at  any  Instant  Is  measured  in  terms  of  target 
bearing  (a  horizontal  angle  measured  from  a 
vertical  reference  plane),  target  elevation  (a* 
tr^vertlcal  angle  measured  from  a  horizontal  ref- 
erence planey,  and  r&nge  (a  linear  distance 
measured  along  the  line  of  slgjit  (LO?)  to  the 
target  (fig.  12-11). 

As  you  noted  at  several  points  In  connection 
with  the  discussion  of  exterior  ballistics,  the 
effect  of  the  factors  listed  In  the  preceding 
article  depends  on,  among  other  things,  range. 
Another  way  of  putting  it  Is  to  say  that  they 
depend  on  time  of  flight- l.e.,  the  time  l^se 
between  the  projectile's  deparjture  from  tto  gun 
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Figure  12-11.— Relative  target  bearing,  slant  range,  and  target  elevation. 
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muzzle  and  its  impact  or  e3q)losion.  Duringthis 
time  the  factors  that  determine  the  projectile's 
tr?tjectory*have  their  effect;  obviously,  the  longer 
the  time  of  flight,  the  greater  their  effect.  Other 
things  being  equal,  at  any  specified  I.V.,  time 
of  flight  is  proportional  to  range.  This  is  one 
reai^n  that  it  is  important  to  know  the  range  to 
^g^t  (generally  measured  in  yards)  as  accurately 
as  possible.  Range  to  an  air  target,  as  measured 
along  the  LOS,  is  called  slant  range  to  distin- 
guish it  from  range  measured  on  the  surface. 

There  are  two  kinds  of  target  bearings. 
Relative  target  bearing  is  the  angle,  measured 
clockwise  in  degrees  and  minutes,  between  a 
vertical  planQ  through  the  centerline  of  own  ship 
and  the  line  of  sight  to  target,  (This  is  illustrated 
in  fig,  12-11),  True  target  l^earing  is  measured 
similarly,  but  from  a  vertical  plane  contaimng 
a  line  to  true  north.  Figure  12-12  shows  the 
distinction  and  relationship  between  true  and 
relative  bearings,  and  demonstrates  that  true 
bearing  is  the  algebraic  sum  of  own  ship  course 
and  relative  bearing. 

For  the  -location  of  an  air  target  with  respect 
to  own  ship,  one  more  value  is  needed— target 
elevation  (generally  measured  in' minutes  of  arc 
from  the  surface  horizontal  plane). 

If  now  we  were  to  assume  that  the  target  and 
own  ship  were  stationary  with  respect  to  each 
other,  it  would  be  necessajy  to  correct  only  for 
exterior  ballistic  factors  and  the  gun  would  be 
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Figure  12-12,—  Relationship  between  true  bearing/ 
.relative  bearing,  and  own  ship  course. 


laid  for  a  hit  on  the  target.  However,  such  a 
\ situation  is  rare.  Target  nxovement  with  rebpeut 
,to  own  ship  is  a  part  of  every  practical  fire 
control'  problem,  and  it  becomes  increasingly 
important  as  ranges  decrease  and  target  veloci- 
ties increase.  (You  can  e;q>ect  some  air  targets 
to  be  moving  at  over  600  knots).  In  faqt,  at  very 
close  ranges  (in  the  neighborhood  of  2,000  yards 
or  less)  the  ballistic  factors  are  completely 
overshadowed  in  importance  by  corrections  for 
target  velocity,  and  many  of  the  ballistic  factors 
are  not  even  considered  in  fire  control  systems 
designed  for  close-range  work.  This  is  true 
because  at  short  ranges: 

(a)  fime  of  flight  is  short. 

(b)  angular  velocities  (i.e„  changes  in  target 
bearing^  and  target  elevation)  increase  as  target 
range  decreases,  even  when  target  speed  as 
measured  in  knots  remains  the  same. 

(cj  feme  available  for  arriving  at  solutions 
to  the  fire  control  problem  is  so  short  that  there 
is  time  only  for  essential  steps  in  solution. 

Sight  Angle  and  Superelevation 

The  .angle  by  which  a  gun  is  elevated  above 
the  line  of  sight  to  a  surface  target  so  that  the 
projectile's  trajectory  will  pass  through  the 
target  is  called  SIGHT  ANGLE.  (See  fig,  12-13). 
The  angle  is  measured  in  minutes  between  the 
axis  of  the  gun  bore  and  the  line  of  sight.  As 
range  increases,  so  does  the  amount  of  sight 
angle  necessary, 

With^  an  ^  air  Jarget  the  principle  of  sight 
anjgle  s6ll  applies.  Look  at.figure  12-14,  where 
you  see  sight  angle  in  more  detail.  You  can  see 
it  is  still  the  angle  by  which  the  gun  must  be 
elevated  above  the  line  of  sight  to  get  a  hit. 
Your  line  o^ight  itself  is  elevated  here  to  meet 
the  .  target,  sl^ht  angle  is  shown  to  be  made  up . 
of  two^  smaller  angles.  One  is  lead.  This  cor- 
responds to  the  tar^t's^  relative  motion  during 
the  projectile's  time  ^6t%ght,  The  other  seg- 
ment is  SUPERELEVATION.  Superelevation  ife 
the  angle  by  which  the  gun  must  be  further 
elevated  to  compensate  for  the'  projectile's  curve 
downward  due  to  gravity. 

Like  sight  angle  as  a  whole,  superelevation 
increases  with  longer  ranges,  (See  fig.  12-15A). 
But  as  target  elevation  increases,  superelevation- 
decreases.  See  figure  12-1  SB. 

If  you  think  about  it,  this  is*  common  sense. 
Consider  an  extreme  case  — a  target  directly 
above  you. 
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Figure  12-*13«-*Sig^t  axigle. 
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Figure  12-1 4» — Target  elevation  and  superelevation* 


Neglecting  all  other  factors  ^but  gravity,  it  is 
obvious  that  a  gun  fired  at  such  a  target  would 
have  to  be  aimed  directly  ,alongt  the  line  of  sig^t. 

Gravity  would  still  pull  downward  at  the 
projectile,  but  its  pull  would  be  directly  in  line 
with  tD3  trajectory,  which  would  therefore  be 
ft  • 
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strai^t.  Hence  no  superelevation  needs,  to  be 
introduced.  As  the  line  of  si^t  is  moved  away 
from  the  strai^t-iq)  direction,  the  downward 
force  of  gravity  is  exerted  at  an  Increasing  angle 
to  the  axis  of  the  gun  bore,  and  therefore  has 
more  effect  on  the  shape  of  the  trajectory.  This 
is  exactly  what  view  B  of  figure  12*15  shows. 
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Figure  12-15.— Effect  on  superelevation  of:  ^. 
Increased  range,  B.  Increased  tar^t  elevation. 


it  Deflection 


The  axis  of  the  gun  bore  is  not  only  offset 
from  the  line  of  sight  vertically,  but  horizontally 
as  well.  This  horizontal  angle  between  the  LOS 
and  the  gun  bore  is  known  as.  SIGHT  DEFLEC- 
TION. You  can  i^e  in  figure  12-16  that"  it  is 
made  up  of  three  values,  two  of  ^yhich  you  have 
alre'ady  studied.  You  know  that  because  a  pro- 
jectile drifts  to  the  right,  the  gun  must  be  offset 
to  the  left.  Wind  is  another  value  in  sight 
deflection.  Wind  blowing  across  your  line  of  fire 
calls  for  another  small  offset  (to  the  left  in 
the  illustratibn). 

.  The-  third,  and  tnajor,  value  in  the  si^t 
deflec^on  angle  is  the  lead  angle.  Lea<l  angle 
is  "  proper fional  to  the  relative  motion  of  the 
target  across  your  line  of  sight  du'ring  the 
projectile  *a.time  of  flight. 


Unlike,  sight  aiigle,  target  elevertion,  super- 
elevation, and  target  bearing,  deflection  ismeas-  ^ 
ured  in  mils.  One  mil  is  an  angle  whose  target  * 
is  less  than  .001' or  the  imit  of  angular  measure- 
ment of.  the  angle  subtended  by  one  yard  at  a 
distance  of  1000  yards. 

The  mil  has  a  ^  very  useful  property.  If  a 
distant  object  appears  tQ  you  to  be  exactly  one 
mil  wide,  then  its  real  width  is  exactly  1/lOOOth 
of  the  range.  (See  fig.  12-17AK  tor  example, 
suppose  you  see  a  buoy  1,000  yards  distant.  You 
sigiht  at  it  through  a  telescope  in  whose  reticle 
(a  ^ass  plate  in  the  telescope  optical  system) 
are  lines  one  mil  apart.  With  the  scope,  you  see 
that  the  buoy  is  just  one  mil,  or  l/lOOOtb  of 
the  range,  wide.  And  since  you  know  that 
1/lOOOth  of  the  range  is  one  yard,  that's  how 
wide  the  buoy  is.  Figure  12-17B  shows  other 
examples  of  the  miVs  usefulness  in  estimating 
lateral  distances  at -known  ranges, 

BALLISTIC  VARIABLES.  In  the  following 
list  of  ballistic  variables,  we  indicate  the  effect 
on  si^t  angle  and  sight  deflection  when  increasing 
the  variable. 


Variable 


How  compensated  as 
variable  increases 


Projectile  momentum' 

(a)  Mass  (wei^t)  increase  sight  angle, 

(b)  h  V.l   JDecrease  sight  angle. 

Gravity  (itself  a^con-  Jncrease  sight  angle 

stant,  but  its  effect  is  .with  increased  time 
a.function  of  time  of  of  flight. 

flight). 

Air  resistance*  ,  Jncrease  sight  angl6« 

Wind  c  JDepends  on  wind  di- 
rection. If  wind  tends 
r  to  increase  range,  re- 

duce ^ight  angle  (and 
vice,  versa);  add  de- 
flection and  si^t  an- 
^  *        7  /  gle  ,  as    needed  for 

t:.  i  cross  winds. 

Drift  ;i;„„,  f..Jidd  left  deflection. 

Earth's  rotation  and........Varies    with  rangOt 

curvature.  3  latitude  of  gun,  gun 

y  bearing.    Both  si^t 

angle  and  deflection 
may  be  affected. 

^In  practice,  as  the  gun  wears,  I.V.der 
creases,  hence  sight  angle  mu^t  be  increased  to 
compensater 
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Figure  12-16.— Sight  deflection* 
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Figure  12-17.  -  Tie  mil.  A.  What  it  is.  B.  How 
to  u§e  it* 


INHERENT  CORRECTIONS 

The  miscellaneous  factors  that  we  ^here 
lump  under  the  label  INHERENT  CORRECTIONS, 
include  correction  for; 

1.  Motion  of  the  gim  platform  (i.e.,  the  ship's 
rolling  and  pitching  motions  as  it  floats,  on  the 
water). 

2.  Parallax— caused  by  distance  between  fire 
control  system  elements  located  at  different 
points  aboard  ship* 

3.  Divergence  of  gun  mount  roller  paths  from 
the  deck  referenCje  plane. 

These  factors  are  called  'inherent"  because 
they  are  unavoidable  in  any  system  designed, 
within  the  limitationsof  contemporary  techniques,  * 
to  function  when  installed  over  most  of  the  length 
of  a  warship  that  spends  its  liMima  on  the 
surface  of  the  sea. ,  ^ 

Gun  Platform  Motion  ^ 

As  you  remember,  the  essence  of  fire  control 
is  to  position  the  gun  barrel  so  that  the  projectile's 
trajectory  will  culminate  in  its  collision  with  the 
target*  We  may  (as  we  did  esurlierinthis  chapter) 
assume  for  purposes  of  analysis  that  the  deck  on 
which  the  gun  mount  stands  is  stable,  but  in 
practice  it  is  not  generally  possible  to  make  this  • 
assumption.  Nor  is  it  practicaWe  t6'  stabilize 
the  deck  itself.  Instead,  either  of  two  alternative 
correction  methods  is  used.  One  requires  that  the 
gun  be  continuously  repositioned  ,by  its  power 
.drive  so  that  it  maintains  the  desired  attitude 
regardless  of  the  ship's  roll  and  pitch.  The 
other  (much  less  frequent)  is  to  control  the 
firing  circuit  so  th&t  as  the  ship  rolls  and 
pitches  the  firing  circuit  is  energized  only 
during  those  instants  when  the  gun  happens  to  be 
in  the  position-  required  for  hitting  the  target. 

Two  kinds  of  correction  are  Required  for  the 
affects  of  ship's  roll  and  pitch*  One  is  correfc- 
tion.ln  level  and  crosslevel  (fig.  12-18)^  (Level 
angl^  is  the  angle  that  the  deck  plane,  which 
pitches  and  rolls  with  the  ship,  makes  with 
the  horizontal,  as  measured  in  a  vertical  con- 
tanining  the,  LOS.  Crosslevel  angle  is  measured 
at  righl  angles  to  level  angle).  Crosslevel^ 
causes  trunnion  tilt*  As  the  gun  mount  tilts  with 
the  ship's  motion,  the  gun  no  longer  elevates  in 
a  plane  perpendicular  with  the  horizontal*  This 
introduces  errors,  both  because  the  guq  doesn'.t 
elevate  fo  the  proper  angle,  and  because  elevation 
in  a  planfe  not  perpendicular  to  the  horizontal. 
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TRAm  CORRECTION 
(IM  SLANT  PLANS) 


-   ^  12.46 
Figure  12-18,cr-Lefvel  and  crossleveU 

causes  it  to  shift  in  train.  Thus,  if  the  right 
trunnion  is  at  a  chosen  instant  lower  man  the 
left,  elevating  the  gun  by  x  number  of  minutes 
with  respect  to  the  horizontal  will  require  more 
than  X  minutes .  of  elevation  in  its  tilted  plane 
and,  in  addition,^ the  barrel  after  elevation  will, 
be  (displaced  to  the  right  of  the  plane  it  was 
before  .elevation.  Figure  12^19  shqws  the  correc- 
tions required  to  compensate  for  trunnion  tilt. 

Parallax 

Because  a  gun  is  displacedfrom  its  controlling 
director,  the  gun  can  train  out*on  the  same  bear- 
i|«  as  the  director  and  still  not  be  trained  on  the 
t&get,  unless  a  parallax  .correction  is  made. 
Parallax  is  the  angle  formed  by  the  lines  of  si^t 
of  the  director  and  the  gun.  It  is  measured  in 
both  the  horizontal  and'  vertical  planes.  It  is 
differentj^of  course  for  every  gun,  and  individual 
corrections  must  be  made  at  eafh  gun.  Figure 
12-20  illustrates  the  most  common  difference, 
horizontal  parallax,  and  the  corrections  that  must 
be  made  to  compensate  for  it. 

RoUer  Path  Tilt 

Ideally,  the  roller  path  of  each  gun  mount 
shoidd  be  parallel  to  that  of  the  director  used  as 
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Figure  12-19.— Corrections  for  trunnion  tilt. 
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Figure  12-20. 
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•L.O.S.  of  gun  and  director. 


the  reference.  Although  the  tilt  of  the  gun  mount 
with  respect  to  the  reference  Is  in  modem  naval 
construction  always  small  (rarely  over  a  degree, 
and  usually  much  less),  it  must  be  corrected. 
Some  tilt  is  unavoidable  because  a  ship's  hull 
is  supported  jnuch  diffefently  in  dry  dock  than 
it  is  when  afloat.  Individual  corrections  are  re- 
quired for  each  gun  mount.  The  correction  is 
made  in  elevation,  but  its  magnitude  depends 
on  the  angle  to  which  the  nioimt  is  trained. 
Figure  12-21  shows  in  exaggerated  form  the 
effect  of  roller  path  tilt. 

Each  of  the  three  gun  turrets  in  the  diagram 
is  nominally  at  zero  elevation,  and  should  be 
parallel  to  the  horizontal  plane  of  the  deck* 
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No.1  No.2  No.3 


But  only  No*  1  is  really  at  zero.  If  these  were 
16 •»  turrets  and  No.  2  was  'tilted  1  minute 
when  the  ship  is  afloat,^  it  would  produce  an 
error  of  I209,  yards  in  ra^ge.  To  compensate 
for  roller  path  tilt,  a  device  is  installed  in  each 
gun  mount  or  turret  which  automatically  causes 
the  gun  to  elevate  or  depress  enough  to  com- 
pensate for  the  tilt  of  the  roller  path  at  every 
point  to  which  it  is  trained.  The  device  is  known 
as  a  roller  path  compensator,  and  the  setting 
differs  from  one  mount  to  another*  The  exact 
tilt  of  the  roller  path  is  measured  with  respect 
to  some  reference '  plane  (usually  the  battery 
director  roller  path).  The  magnitude,  pf  the 
roller  path  tilt  correction,  and  the  mount  train 
angle  at  which  the  maximum,  correction  is  to 
be  applied,  are  both  inserted  into  the  compen- 
sator unit.  Through  a  gear  shaft  jnechanism, 
the  compensator  unit's  output  is  mechanically 
combined  with  the  output  of  the  vertical  parallax 
correction  unit.  •  This  algebraic  sum  is  applied 
to  the  guA  elevation  order  in  a  haechanical 
differential.  Checking  and  resetting  the  compen- 
sator is  part  of  battery  alignment  procedure, 
which  will  be  e:q)lained  in  a  later  chapter. 

Solving  the  Problem 

As  you  remember  from  the  beginning  of  this 
section,  the  fire  control  .problem  consists  es- 
sentially of  three  groups  of  variables,  ^n  a 
given  fire  control  system,  some  individual  Vari- . 
ables  may  either  be  taken  into  account 
or  neglected  depending  chiefly  on  target  velocity 
(with  respect  to  own  ship)  and  range,  and  on 


'  desired  accuracy  and  speed  of  solution.  The 
main  .steps  in  solving  the  fire  control  problem 
are:  .  • 

1.  MEASUREMENT  of  each  of  the  variables 
to  be  taken  into  account. 

2.  COMPUTATION  of  what  gun  position^^must- 
be  in  relation  to  an  LOS  from  own  ship  to  target 
so  that  the  projectile  will  hit  the  target,  and 
transmission  ^of  this  information  to  the  gun 
mounts.  (This  computation  and  transmissioij.  may 
^^so  include  projectile  fi^  setting  jif  required). 

3.  POSITIONING  THE  GUNS  ih  ^-accordance 
with  this  information  and  energizing  firing  cir- 
cuits as  required.     '  . 

.  4.  OBSERVATfOi^  ^of  effects  of  firing  and 
correction  of  fire  control  information. 

Now  consider  each  of  the  steps  in  somewhat 
^ore  detail. 

Measuring  Variables 

Ideally,  each  variable  in  the  fire  control  pro-, 
blem  should  be  observed  and  accurately  nxeasured, 
then  entered  in  the  computing  system.  As  a  prac- 
tical matter,  some  may  be  estimated  and 
'"cranked  in"  (i.e.,  put  into  the  system  manually), 
and  some  may  be  considered  as  having  a  fixed 
relationship  to  another  variable  (for  example,  the 
effect  of  gravity  has  such  a  relationship  to  time 
of  flight),  so  tha£  they  don't  have  to  be  measured. 
(We  have  already  noted  that  'in  all  but  the  most 
refined  systems  some  variables  are  omitted 
entirely  because  they  are  not  considered  essential 
to  a  solution  of  practical  accuracy). 

1.  Ballistic  varialjles  are  measured  and 
entered  into  the  fire  control  system  computer 
as  I.V.       •       ^  '  ^ 

2.  Gravity  has  a  fixed  relationship  to  the  time 
of  flight,  which  in  turn  has  a  known  relatioi^iip 
to  range.  Its  effect  is  therefore  * 'built  into  •'the 
computer  as  a  specially  shaped  cam  (in  electro- 
mechanical computers)  or  electrical  network  (in 

,  electronic  conlputers). 

3.  Air  resistance  is  in.mofet  medium  and  long 
range  systems  determined  by  fire  control  per- 
sonnel who  plot  observed  .air  temperature  and 
barometric  pressure  on  a  nomogram  and  then 
determine  the  required  correction.  (Air  density, 
correction  nomograms  are  printed  in  range 

^  tables.  A  range  table  for  each  gun  andior  each 
^projectile  .type  fired  by  the,  gun  presents  a 
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tabulation  for  each  100-yard  increment  of  range, 
such  characteristics  of  the  trajectory  as  angle  of 
elevatloni  time  of  flight,  angle  of  fall,  and 
strlldng  velocity). ^  ^ 

The  cprrection  is  pilrinto  thrf  computer  as 
part  of  LV. 

4.  Wind  Is^  factor  in  medium  andlonger  range 
systems;  it  is  generally  neglected  in  simple 
relative-rate  systems  designed  for  use  at  short 
ranges.  In  long  and  medium  range  systems 
ballistic  wind  is  a  required  input  to  the  cpmRuter. 

5.  Drift  is  treated  like  gravity. 

6.  E^trth's  dotation  and  curvature  arerfigured. 
from  range  tables  and  their  effects  are  cranked 
into  the  system  as  direct  increments  to  sight  angle 
and  deflection.  The  computer  does  not  solve  for 
these.  In  any  case,  these  values^are  u6ed  only 
against' surface  targets  at  extreme  rtinges. . 


Target  j>ositlon  and  relative, motioS  of  tar^ 
and  own  ship  .are  inipoftant  factors  in  all  giin 
fire  control  systems,  but  for  high-speed  targets 
kt  shorter  ranges  they  dominate  the, fire  control 
problem. 

Target  position  is  fixed  by  three  coordinates  — 
bearing,  elevation,  and  range.  All  three  can  be 
measured  optically  in  a  linear  rate  system.  The 
first  two  are  established  when  the  sight  tele  scope 
in  the  director  are  on  target.  Angular  value s^of 
director  train  (an  angle  nearly  equal  to  relative 
target  bearing)  and  director  elevatiort  (an  apgle 
measured  with  respect  to  the  deck  plane, 
vertically  to  the  LOS)  are  sent  to  the  fire  control 
systQxn  computer  by  data  transmitters  (sjnchros).  . 
A  linear  value  of  range  is  measured  at  the  range-  , 
finder  ^d  .also  sent  by  synchro  to  the  computer. 

Parallax  xjorrectioix  is  important  s^rily  in  more 
elaborate  systems,  in  which  some  of  the  gun 
mounts  being ,  Controlled  are  located  at  some 
distance^  from  the.  director.  In  the  case  of  the 
/Computer  ^lk  lA  a  specTST^section  of  the  computer 
develops  parallax  correction  forta  base  length 
(i^e*^  the  distance  between  director  and  gun 
mount)  of  100  yards.' This  45^allecl  t^ie  unit 
parallax  correctton.  Fqr  this  or  an^  other  base 
length,  thd  clol^  the.  tdrget  the  greater  the 
angular  correction  neede^  for  parallax.  However, 
the  base  length  assumed  for  thq  uni\  parallax 
c(Jrr6ction  is  not  likely  to  be  correct  for  any 
'  one  gun  niount  since  obviouslip  the  pa^-allax  i 
correction  ought  to  be  greater,  for  mounts  further 
from  the  director  than  100  yards,  and  less  for 
momits  that  are  closer.  Consequently,  there  i^ 
in  each  gun  moimt  a  set  of  change  gears  which 
converts  the  unit  correction  to  the  correction 
required,  based  on  the  ratio  between^e  assumed 


base  length  and  the  actual  base  length.  Parallax 
IS  also  computed  to  compensate  for  vertical 
distance  between  mounts  and  director  but,  since 
all  mounts  are  more  or  less  equally  far  b^ow 
the  directors,  the  .^computed  correction  is  fed 
equally  to  all. 

Roller  path  tilt  correction  i?  usually  per- 
formed mechanically  t)y  a  device  built  intopach 
gun  mount.  In  this  case  the  Computer  in  the  fire 
control  system  has  nothing  to  do  with  this 
correction  w^ch  is  different  for  each  mount. 


^NaVaL  GUNFIRE  SUPPORT  ^ 

In  Wortd  War  II,  naval  task  force's  frequently 
car;ned  out  bombardments  of  enemy  installations 
on'^  shore.  After  the  ineffective  results  noted 
dicing  the  Tarawa  operation  in  November  1943,' 
shore  bombardment  techniques  were  gradually 
improved  and  refined  through  Successive  landings 
at  Roi-Namur,  Eniwetok,  Saipan,  Guam,  Peleliu, 
the  Philippines,  Iwd  Jima,  and  Okinawa.  Later, 
the  Korean  war  gave  "frequent  opportunity  for  the 
application  of  the  techniques  learned  in  World 
War  II  — in  particular,  ttie  use  of.  naval  gunfire 
to  support,  troops 'landing  on  defended  ene^my 
territory*  ,  ^     ^  / 

Opposed  amphibious  landing  is  one  of  the  most 
hazardous  types  of  military  operation^  Until, 
World  War  II,  many  military  authorities  believed 
"that  such  an  operation  was  too  hazardous  to  be 
attempted.  In  part,  this,  l^lief  was  based  on  the 
Allied  failure  in  thq  amphibious.  Dardanelles 
(Gallipoli)  campaign  during  WorldWar  I.  Analysts 
ascribe  the  failure  at  least  partially  to  inadequate 
nav^  preparation  before  the'campiEdgn. 

To  be  successful,  naval  gunfire  support  for 
amphibious  operations  must  be  carefully  plamfeii 
in  advance!  and  must  be  executed  with  skill  and 
dispatch.  ,Jt  is  vitally  important  in  the  period 
after  theltroops  have  landed  buf  bdf#e  adequate 
artillery  can  be  brought  into  action.  Its  full 
exploitatton  can  be  achieved  only  if  gfound,  naval, 
and  <^^rsonnel  understand  the  organization, 
basic  teehniques,  capabilities,  and  limitations  of 
naval  ginfire  support,  and  follow  the  standard 
procedure  which  has  bepn  agreed  upon  by  the 
joint  services. 

PURPOSE 


Naval  gunfire  Is  delivered  from  shlp|s  bat- 
teries ,    not     only     tn  ^support     of  troop 
operations,  but  also  to  support  related  naval  and , 
air  operations,  such  as  mine  }varfaro>'actlvities. 
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air~sea  rescue  operations^  reconnaissance  and 
deiffolitiA  operations,  demonstrations,  feints, 
raids,  flak  suppression  during  air  strikes,  and 
interdiction  of  coastal  roads,  railroads,  air- 
fields, and  troop]  assembly  wreas.  All  these 
■activities  rest  on  the  same  basic  principles  as 
the  naval  gunfire  support  of  amphibious  ^ 
operations. 

The  basic  ta^  of  naval  gunfire  support  units 
in  an  amphibious  operation  is  to  support  the 
seizure  of  the  objective  by  destroying  or  neutral- 
izing: 

1«  Shore  installations  that  oppose  the  approach 
of  ships  and  aircraft  to  the  objective. 

2,  Defenses  that  may  oppose  the  landing. 

3.  Defenses  that  may  oppose  the  postlanding 
advance  of  the  troops. 

These  .tasks  are  carried  out  in  the  preparation 
of  the  objective  for  the  landing,  the  support  of 
the  landing,  and  in  postlanding  support. 

TJbls  section  takes  up  the  fundamentals  of 
naval  gunfire  against  shore  targets,  both  in 
support  of  troop  operations  and  for  other  pui*- 
, poses.     '    *  J         '  •  / 

CLASSIFICATION  OF  &UNFIRE 

Naval  gunhre  a^nst  land  targets  rnay  be 
-classified  in  ^various  ways.  The  classifications 
Sfe  interrelated;  terms  *fropa  several  types  of 
classification  ^ust  ^  tised'for  a  full  description.  • 
These^  clas8ifi;cations  are  bae^d  on: 

i;  .  Effect  sou^t:' 

a.  DESTRUCTION.  Deliberate  and  accxirate 
fire,  usually  delivered  at  short  range,  for  the 
purpose  of  destroying  a  target,  usually  a  material 
object." 

b.  NEUTRALIZATION^  R^id,  fairly  ac- 
curate rate  fire  delivered  for  the  purpose  of 
hampering,  interrupting,  or  preventing  enemy 
fire,  movement,  or  action.  Destruction  of  weapons 
and  personnel  is  secondary.  TJie  effect  of  neutral- 
Iga^on  is  comgaratively  temporary;  such  fire 
may  have  to  be  repeated.     ^  * 

c.  Harassing    fire,   sporadic  fire 

delivered  during  otherwise  quiet  periods  to  pre- 
vent, enemy  rest,  r^ciqperation,  or  movement, 
and  in  general  to  low^r  enemy  moral  and  combat 
efficienoy.  ) 

d/  INTERDICTION  FIRE.  Fire  designed  to 
prevent  or  curtail  the  use  Ijy  the  enemy  of  an 
areaf  bridge,  defile,  ^r^eld,  route  of  communica- 
tion, etc. 


e.  ILLUMINATING  FIRE.  Gunfire  employ-  , 
ing  illuminating  projectiles(star  shells)  to  illujnir- 
nate  the  enemy,  to  detect  his  movement,  to  aid. 
our  own  observation,  or  to  facilitate  own  troop 
movements. 

2.  Tactic^  use: 

a.  CLOSE  SUPPORTING  FIRE.  Gunfire  de- 
livered on  enemy  targets  which,  because  of  their 
proximity,  present  gn  immediate  and  serious 
threat- to  the  supported  unit.  (Close  supporting  fire 
majr  be  as  close  to  friendly  troc^s  as  300  yards 
enfiljL^d,  (see  4.d  following)  or  600  yards  when 
the  target  axis  is  not  parallel  to  the  line  of  fire. 

b.  DEEP  SUPPORTING  FIRE.  Gunfire  de- 
livered on  objectives  not  inthe  immediate  vicinity 
of  friendly  forces,  to  neutralize  or  destroy  enemy 
reserves  and  weapons,  and  interfere  with  enemy 
command,  si)pply,  communications,  and  observa- 
tion. 

c.  PREPARATION  FIRE.  A  lieav^'  volume 
of  prearranged  neutralization  fire,  delivered  just 
prior  lo  a  landing  or  a  ground  attack  by  friendly 
forces  on  enemy  positions. 

d.  COUNTERBATTERY  fire.  (Sunfire  de- 
livered against  active  enemy  guns  andf^re  control 
stations  for  the  purpose      silencing  the  guns. 

e.  PREARRANGED  ORSCHEDULED  FIRE. 
Gunfire  foimally  planned^  and  executed  ajgainst 
targets  of  known  location.  Such  fire  is  usually 
pl^mned  well  in  advance  and  is  executed  at  a 
predetermined  time. 

f.  CALL  FIRE.  Gunfire  delivered  at  the 
request  of  troop  units  ashore,  or  of  some  spotting 
agency.  Call-fire  mifiBions  must  not  be  inter- 
rupted without  peiixiission  of  the  unit  requesting 
the  fire,  except  in  case  of  emergency. 

g.  OPPORTUNITY  HRE.  Gunfire  deUvered 
without  formal  planning  or  .troop  request  on 
newly  discovered  targets,  or  upon  transitory 
targets^  Targets  of  opportunity  may  present 
themselves  to  the  firing  ship  at  any  time,  but^ 
fire  must  be  delivered  only  with  due  regard  for 
safety  of  friendly  troops.  Ships  delivering  fire 
on  targej;d«of  opportut^ty  close  to  own  troops 
require  approval  of  the  troop  echelon  concerned 
before  opening  fire.  Shi|;ts  executing ^deep  support 
missions  must  asi^Ux^  themselves  jth^it  the  tar- 
get of  opportunity  is  within  their  assigned  sector 
of  responsibility.  ^  f  i 

*  h.  RECONNAISSANCE  FIRE.  Gunfir.e  is 
delivered  in  areas  where  camoiaHaged  poi^itions 
are  suspected  or ,  in  vital  areas  where  natural, 
cover  prevents  observation  tod/6r  gathering  of 
photo  intelligence.    .  t  ^ 
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FLAK  SUPPRESSION  FIR^.  CJunfire  is 
used  to  suppress  AA  fire  immediately  prior  to 
and  during  an  air  attack  on  eneiny  positions. 

j.  DEFENSIVE  FIRE.  Is  deUvered by  direct 
and  general  support 'ships  to  protect  against 
counterattack.  >r 

.k.  ISOLATION  FIRE.  Is  generally  a  sched- 
uled fire  used  to  destroy  or  interdict  road  or 
rail  routes  and  other  lines  of  approach  or  com- 
munication. -It  is  used  to  prevent,  reduce  or 
disrupt  the  movement  of  enemy  forces,  supplies 
and  communications  to  a  landing^  beach  or  other 
specific  objective  area,  and  to  assist  in  isolating 
that  area  for  as  long  as  necessary;- 

1.  PROTECTIVE  FIRE.  Is  ^delivered  by 
support  ships  during  the  period  of  reorganization 
after  the  captu^:g^  a  position. 

m.  SCREENING  FIRE.  Uses  smoke  pro- 
'jectiles  delivered  to  obscure  the, enemy's  vision 
of  own  and  friendl>  umts  and  their  deployment, 
movement  ornjaneuvers. 

3.  Technique  of  delivery:  - 

a.  DIREQT  FIRE.  Gunfire  delivered  on  a 
target  itself  as  a  point  of  aim  for  laying  the 


guns  or  Erector.  Direct  fire  is  usually  usedf  pn 
tai»gets  which  can  be  seen  (by*  optics  or  radar) . 
from  firing  ship. 

b.  INDIRECT  FIRE^  Gunfire  delivered  on 
a  target  which  is  not  itself  used  as  a  point  of 
aim  for  laying  the  guns  or  director.  Indirect 
fire  is  always  used  on  targets  not.  visible  from 
the  ship.  This  fire  is  spotted  by  air  spotters 
or  shore  fire  control  party  spotters  assigned  for 
this  specific  purpose.  •    ^  " 

4.  Type  of  fire: 

a.  AREA  FIRE.  Gunfire  delivered  in  a 
prescribed  area.  Area  fire  is  generally  neutra- 
lization fire. 

b.  PRECISION  FIRE.  Gunfire  used  for 
registration  (to  obta^  corrections  for  increasing 
the  accuracy  of  subsequent  fire)  and  for  attack 
and  des.truction  of  point  targets. 

c.  DEFILADE  FIRE  (reverse-slope  fire). 
Gunfire  delivered  on  targets  located  behind  some 
terrain  feature,  such  as  a  hill  or  ridge,  which 
masks  the  target  (fig.  12-22,  part  B). 

d.  ENFILADE  FIRE.  GKmfire  delivered  on  a 
target  in  such  a  manner  that  the  range  pattern  of 
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the  fall  of  shot  (^oMcide3  with  the  long  axis  of 
the  target  (fig,  12-2^,  part  A), 


COMMUNICAilQ^S 

Th&  subject  external  communications  in 
shore  .bombardment  is  a  complex  one  in  which 
the  we^ns  liaispn  officer  (WLO)  plays  a  major 
role.  It  is  obviou^%iat  this  section  can  do  scarcely 
more  than  acquaint  the  student  with  one  comer 
of  this  ramified  specialty,,  and  even  this  comer 
cannot  be  thorougMy  explored  here  — only  sur- 
veyed rapidly  with  attention  to  a  few  essentials, 
Twp-  or  three-day  ^hore  bombardment  schools 
are  available  witmn  the  fleet  which  instruct  a 
ship'sy'teana''  in  the  specifics  of  shore  bombard- 
ment cOmmunicatidri^  and  procedure. 

Figure  12-23  ilfiistrated  schematically  the 
communication  net{i.e,,  the  participating  stations) 
for*  a  ^^single  ship  in  support  a  .battalion^of 
troop^^  ashore,  Xhe  WLO  aboard  a  ship  (l^ically 
a  batallion  would.^be  supported  by  a  destroyer) 
is  located  in  CIC,  where  he  is  connected  hy 
battle  I  telephone  with  plot  and  the  main  battery, 
director  (the  officer  usually  wears  the  phones 
him.self)  and  by  radio  with  the  other  stations 
in  the]  net.  Most  often  the  radio  contact  is  hy 
Voice  ^  radio-telephone  (R/T)  rather  Uian  liy 
continuous- wave  fsiy)  code  transmission.  The 
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figure  12-23,— Shore  fire  control  spotting 
net.  Schematic* 


* 

officer's  voice  does  not  go  on 'the  air;  he 
communicates  through  a  radio-telephone  operator 
(not  ^shown  in  the  figure  in  CIC)  who  functions 
as  his  talker  and  also  logs  the  spots  and  other 
information  received  as  he  gets  it. 

The  radiotelephone  transnassions  are  usually 
frequehcy-modulated  (FM)  in  the  very- 
high-frequenc:y  (VlIF)  band  (e.g„  20  to  60  mega- 
hertz) or  ,ultra-high-frequenc^  (UHF)  band  (e,g,, 
200  to  300  MHz),  thou^  other  bands  may  be 
used.  The  "shore  fire  control  party  uses  aportable 
battery-powered  transceiver  which  can  be  carried 
on  the  back  of  one  man.  With  a  low  power  output, 
which  is  all  that  is  possible  in  such  eqiiipitnent, 
the  range  is  only  a  few  miles,  but  Ithis  is  all 
that  is  necessary. 

The  air  spotter  usually  is  in  a  relatively 
low-speed  spotting  fixed-wing  aircraft  (often  a 
light  civilian-type  one  or  two-place  plane)  or 
.  in  a  .helic<q)tei:,  TJie.  spatter  and  his  shore  fire 
control  party  are  in  a  forward  position  where 
they  can  observe  the  target  area.  The  naval 
gunfire  liaison  officer  is  usually  in  a  location 
further  from  the  target  area. 

Most  of  the  communication  takes  place  be- 
tween the  spotters  and  the  ship.  The  naval 
gunfire  liaison  officer  sets  up  the  net  but  in 
general  does  not  participate  directly  in  its 
'  functioning  unless  components  in  the  net  are 
changed,  or  unless  it  is  necessary  to  control 
it  for  other  reasons. 

In  general,*  so  far  as  shipboard  communica- 
tion operations  ^n  shore  bombardihent  are  con- 
cerned, if  communications  are  carri^  on  through 
CIC,  CIC  follows  the$e  procedures: 

"# 

Locates  on  the  chart  the  target  assigned 
by  the  shore -fire  control  partyl 

2,  Furnishes  bearing,  r^ge,  and  elevation  to 
control  and  plot. 

3,  Checks  the  computed  solution  wUh  CIC's 
plotted  solution,  , 

4,  Relays  spots  received  from  the  shore  fire 
control  party  to  control  and  plot. 

5,  Plots  forward  lines  continuously  and  ac- 
curately. 

OPERATIOl^S 

Naval  gunfire  has  many  capabilities,  advan- 
tageous for'  troop  support  in  landings,  which 
conventional  land  artillery  does  not  possess; 
These  include;" 

1.  AVAILABILITY.  Gunfire  support  ships  are 
continuously  available  before,  during,  and  after 
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the  landing,  as  long  as  the  zone  of  action  ashore  is 
within  the  range  of  the  ship^s  guns. 

2.  MOBILITY.  Within  the  limitations  of  navi- 
gation, ships  can  move  rapidly  from  one  ar^a 
to  another  as  the  situation  ashore  develops.  At 
the  same  time,  the  most  favorable  ranges  and 
lijies  of  fire  can  be  fully  exploited,  and  enemy 
counterfire  can  be  evaded. 

3.  HIGH  RATE  OF  FIRE.  Power  loading  mech- 
anical ammunition  supply  makes  it  possible  to 
deliver  a  large  volume  of  fire  in  a'  short  time. 
This  characteristic  is  of  great  value  in  neutral- 
ization missions,  where  it  is  necessary  to  satu- 
rate the  target  area  with  a  large  volume  of  fire. 

4.  HIGH  MUZZLE  VELOCITY  AND  FLAT 
TRAJECTORY.  Naval  guns,  particularly  those  of 
heavy  caliber,  have  great  penetration  and  de- 
structive power,  especially  against  installations 
presenting  vertioal  surfaces. 

^  5.  SMALL  DEFLECTION  PATTERN.  The  com- 
paratively small  dispersion  of  delElectibn  of  naval* 
guns  makes  them  valuable  for  close  support 
of  troops  when  the  line  of  fire  can  be  made 
parallel^  the  troops'  front  line  (enfilade  fire, 
{fig^i2-22,  part  A). 


Selection  of  Weapons 

y  Selection  of  the  guns  or  weapons  to  be  used  in 
feval  gunfire  support  is  determined  by  the  nature 
and  size  of  the  target  to  be  engaged,  and  by  the 
proximity  of  friendly  troops  to  the  target.  The 
5-lnch  gun  is  normally  used  for  close  supporting 
fire;  its  rapid  fate  of  fire  and  relatively  small 
pattern  size  m^  it  an  excellent  weapon  for 
neutralization  and  destruction  of  targets  im- 
mediately in  front  of  advancing  troops.  Destroyers 
are  usually  assigned  close  supporting  fire  duties 
because^  their  maneuverabili^  permits  ther 
shift  positions  easily  and  quickly  and  to  J 
positions  close  inshore  for  direct  fire  on  tqf gets 
in  coastal  areas/ 

Eight-inch  gUhs,  with  their  great  accuTracy  at 
long  rang^,  are  normally  reserved  for  deep 
supporting  fire.  The  lethal  bursting  radii  of 
projectiles  from  these  guns  limit  their  employ- 
ment in  close  support.  Moreover,  ships  mounting 
these  guns  (cruisers)  are  hampered ih  responding 
quickly  to  fire  commands  because  they  are  less 
maneuverable  than  destroyers,  and  their  fire 
control  organization  is  piore  complex.  The  larger 
ships  also  have  additional  duties.  Destructive 
power,  of  large-caliber  projectiles  makes  them 
particularly  effective  against  heavy  installations 
ashore* 


Six-inch  guns  are  sxii table  for  either  close  or 
deep  firupport,  but  the  Ught  cruisers  mounting 
these  guns  are  better  adapted  for  deep  support 
use  since  their  maneuverability  is  restricted. 

•  Three-inch  and  5-inch  guns  of  DEs  and  APDs 
are  sxUtable  for  harassingfire  missions  of  the  sort 
often  expected  against  areas  remote  from  our  own 
troops  ^ch  as  towns,  harbors,  and  coastal  air 
strips.  The  use  of  these  ships  for  this  purpose 
.^)rovides  a  necessary  feature  of  support,  ai^d 
releases  ships  with  more  accurate  fire  control 
equipment  for  use  where  precision  fire  is  re- 
quired. 

Three-inch  guns  are  effective  for  area  neu- 
tralization where  heavier  guns  are  not  required. 
The  guns  are  particularly  effective  against  shore- 
line targets,  especially  enemy  personnel  in  caves. 
When  such  fire  is  controlled!^  the  dual-pixrpose 
gun  directors,  it  is  accurate  and  effective  at 
short  ranges;  when  not  so  controlled,  Varger 
safety"  margins  witht  respect  to  own  troqpAnfiust , 
be  allowed,  ' 

Selection  of  Projectiles  and  Fuzes 

Selection  of  the  projectile  type  to  be  used  in 
support  of  troops  depends  upon  the  type  of  target 
and  the  effect  sought  on  that  target.  Because  in 
*  shore  bombardment  a  battery  is  likely  to  be 
shifted  frequently  and  r^idly  from  one  target 
to  another  (quite  likely  of  different  type,  re- 
tjuiring  a  change  in  ammunition),  ammunition^ 
handling  personnel  should  be  prepared  to  change! 
projectiles  and  fuzes  on  very  little  notice,  / 
High-capacity  (HC)  projectUes  are  especially 
for  use  in  shore  bombardment.  They  have  great 
explosive  conteht  (at  the  expense  of  penetrative 
ability)  and  produce  a  heavy  blasting  and  frag- 
mentation effect,  HC  is  therefore  suitable  for 
neutralization  or  for  destruction  of  relatively 
light  installations. 

Antiaircraft  common  (AAC)  projectiles  are 
similar  to  HC  projectiles  in  explosive  and  pene- 
trative qualities.  Their  effective  bursting  radius 
of  35  to  50  yards  fits  them  for  close-support 
neutralization  fire. 

Armor-piercing  (AP)  and  common  (COM) 
projectiles  are  designed  to  penetrate  armor  plate 
before  detonating.  Their  use  in  shore  bombard- 
ment is  limited  to  fire  on  fixed  enemy  defenses 
such  as  concrete  pillboxes  and  block-houses  which 
cannot  be  redudedby.HC  projectiles. 

White-phosphorus  (WP)  projectiles  have  been 
found  very  uselEul  for  screening,  incendiary,  and 
antipersonnel  effect.  They  may  also  be  used  as 
"identifying  or  marker  shot"  to  identify  salvos. 
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to  permit  spotting  when  the  impact  burst  isf 
invisible  due  to  foliage,  or  to  give  a  prearranged' 
signal  to  the  trpops  supported. 

Illuminating  (ILLUM)  projectiles  are  u^d  to 
provide  illumination  only, 

Fuzes  used  with  HC,  AAC,  and  VfP  pro- 
jectile^  may  be  selected  to  meet  different  ob- 
jectives. Mechanical  time  fuzes  ^may  be  used  to 
provide  air  bursts  for  maximum  effect  against 
'personnel  and  light  equipment..  They  should  be 
set  to  burst  25  to  50  feet  -directly  above  the 
target.  Proximity  fuzes,  which  require  no  advance 
setting,  accomplish  the  same  purpose  witK  greater 
accuracy  and  less  difficult  fire  control,  as  they 
compensate  automatically  for  variations  in  ground 
elevation.  Point-detonating  fuzes  also  require  no' 
advance  settitig  but  produce  a  lower  and  more 
concentrated  burst,  often  desirable  for  demoli- 
tion. Base-detonating 'fuzes  are,  of  course,  re- 
quired against  armored  or  other  heavy  structures. 

Target  Intelligence 

Before  undertaking  any  bombardment  of  land 
targets,  a"  thorough  familiarity  with  the  terrain 
and  hyd^grj^hic  features  of  the  objective,  and 
with  the  location  of  profitable  targets,  must  be 
acquired.  The  study  of  available  charts,  nriaps, 
aerial  photographs,  radar  PPI  simulations,  mo- 
saics, and  other  pertinent  information  will  be 
necessary  for  rapid,  effective  troop  support. 
Normally  these  charts,  maps,  photographs,  and 
target  information  arefurnishedeachfire-support 
ship  prior  to  the  operation.  Tfie  systematic  de- 
struction of  defense  requires  the  continuous 
assembly  an9  evaluation  of  targets  known  before- 
hand, and  of  those  discovered  in  the  course  of 
the  operatioh.  Damage  assessment  must  be  based 
upon  visual  observation  and  photo  analysis?.  A 
common  error  is  over-optimism  ,as  to  the  ef- 
fectiveness of  naval  fire  against  land  targets. 

Effective  support  of  troops  bj;,  naval  gunfire  * 
depends  on  certain  operating  principles  and 
techniques  of  delivery— ^hat  might  be  called 
tricks  of  the  trade,  or  recommended  operating 
practice.  This  article  briefly  discusses  a  num- 
ber of  these  principles  and  recommended  tech- 
niques. 

PREREQUISITES  TO  EFFECTIVE  SUPPORT 
FIRE.  Prerequisite  to  effective  support  are 
proper  alignment  of  tlie  fire  control  system  and 
gun  battery,  rapid  a;id  *  reliable  internal  and 
external  communications,  and  well-trained  ship 
fcontrol,  fire  control,  and  gun  control  personnel. 

For  optimum  effectiveness,  personnel  aboard 
a*  firing  ship  should  be  thoroughly  familiar  with 
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the  land  areas  the  ship  is  assigned  to  cover. 
This  can  be  achieved  through  repeated  firing, 
observation,  and  analysis.  Consequently,  it  is 
best  to  avoid  shifting  shijs  to, /different  areas 
of  responsibility  once  their  personnel  have  be- 
come acquainted  with  tiie  /areas  originally 
assigned.  / 

COUNTERBATTERY  FIRE.  The  first  dut>'  of 
naval  gunfire  in  all  phases  of  support  is  im-? 
mediate  and  effective  sil^cing  of  heavy  enemy 
weapons  which  open  fire  on  our  forces.  Hence 
a  counterbattery  plan  anticipating  all  contigencies 
must  be  in  constant  readiness,  and  fire-support  , 
ships  must  be  ready  and  alert  at  all  times  for 
'the  delivery  of  this  fire.  If  the  sour<?e  of  enemy 
fire  is  not  Itnown,  heavy  counterbattery  fire  on 
suspected  sources  is  delivered  until  the  enemy 
battery  is  located.  The  whereabouts  of  friendly 
forces  must  .be  kept  in  mind  during  such  an  ( 
attfck.  ?5iM*.ii  <  tj   ?!i  ,        A     >/Xxi   ^     *  ( 

USE  OJ  ILLUMINATING  PROJECTILES  (star 
shells),  Illfenination  of  land  areas  by  naval  star 
shells  is  effective  in  preventing  enemy  counter- 
attacks, infiltration,  and  the  movement  of  enemy 
troops  at  ni^t.  Its  morale-boosting  effect  oaour 
own  troops  generally  results  in  requests  for^ 
exorbitant  star-shells  expenditures  to  produce^, 
unnecessary  illuminatioft  of  the  land  area  through- 
out the  night.  Except  during  actual  enemy  counter- - 
attacks,  star  shells  fired  at  a  reduced  rate  and,. 
^  at  irregular  intervals  normally  discourage  enemy 
'"movement.  Maximum  benefit  from  the  liniited 
supply  of  star  shells  available  requires  judicious 
control  and  eoordixmtion  by  troop  umts  to  avoid 
silhoi»etting  o\srn  Jorbes  ashore  and  afloat.  VVh^n 
delivering  illumination  fire,  the  line  of  fire  must 
be  so  adjusted  with  relation  to  our  front  lines  that 
friendly  troops  are  not  endangered  by  star  shell 
bodies.  Searchli^t  illumination  for  troop  support 
is  generally  unsuccessful;  it  almost  invariably 
draws  enemy  fire  on  the  ship  employing  it. 

Close  cooperation  between  ships  and  the  tro<^ 
units  assigned  for  support  is  essential,  ipT 
information  between  supporting  ships  and  trcpp 
units  can  ensure  intelligent  and  effective  fiire 
support.  Of  particular  importance  is  the  safety 
requirement  tiiat  all  fire--support  ships  malntein 
an  up-to-date  plot  of  own-troop  front-line  posi- 
tions as  periodically  announced  tiy  landing  force 
elements.  This  not  dnly  preventsendangtjringawn 
troops,  but  permits  selection  of  the  most  suitable 
line  of  firefl^th  respect  to  troop  line§,  and 
safeguards  friendly  aircraft  operating  in  the  ai^a. 
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SPOTTING  y 

As  th%.  study  "~of  exterior  ballistics  has  indi- 
joatQd,  nbt  .all  the  factors  which  affect  the  flight 
of  a  j)rojectile  can  be  precisely  evaluated  in 
advance^  of  firing.  Even  with  the  best  fire  control 
equipment  available,  experienced  gun  crews, 
and  efficient  fire  control^  personnel,  the  opening 
shots  may^not  hit  the  target.  It  is  therefore. 
jaBf^BBJSxy  to  apply  corrections  (or  spots)  to  the 
initial  firing  data  to  bring  the  shots  on  the 
target.,  The  corrections  are  applied  to  gun-laying 
data  for  subsequent  rounds  fired.  This  technique 
is  calldd  spotting. 

DEFINITIGNS 

The^  tevms  defined  below  relate  to  gunfire 
and  spotting: 

SLOW  FIRE:  Firing  deliberately  delayed  to 
alTow  foi»  at^licfiiion  of  Spot^,  or  to  con^rye 
'?€tmp^uiition;  » 
'^>-RAPID  FIRE:  Firing  is  NOT  delayed  to  E^ly 
corractions. 

SalVO:  One  or  more  shots  fired  simultane- 
^sly  by  the  same  battery  at  the  same  target. 
'  f  SLOW  SALVO  FIRE:  Guns  are  loaded  on 
-command  and  fired  together  at  a  fairly  slow  rate. 

RAPID  SALVO  FIRE;  Guns  are  loaded  on 
command  and  fired  tog^ttjer  at  a  RAPID  rate. 
(Both  slow  ahd  rapid  salvo  fire  are  used  *  to 
establish  a  hitting  range  to  a  sujoface  or  land 
t^get), 

RAPID  CONTIMJOUS  FIRE:  The  fastest  firing 
method  for  5-inch  guns.  The  pointer's  firing 
-key^s  locked  in  the  closed  position.  Rate  of 
fire^pends  only  on  the  loading  speed. 

fiAPID  PARTIAL  SALVO  FIRE:  For  a  turret 
(6-Sich  and  .above),  synonymous  with  rapid  con- 
/titmous  fire  for  a  5-inch  gun.  (^oth  of  these 
types  ^  firje  will  mqst  often  be  used  after  the 
hitting  range  has  been  established  or,  in  the 
case  of  the  5-inch  gun,  against  aii^craft},* 

MPI:  Mean  Point  of  Impact.  Is  the  geometric 
center  of  the  points  of  impact  of  the  various  shots 
of  .  a  salvo.  Excludes  wild  shots  (fig»  12-24). 

PATTERN:  Area  covered  fc^thi^-^oints  of 
impact  of  the  shots  (except  wild sWSt^.  The  pattern 
in  range  is  the  distance  measiured  parallel  to  the 
Un?  of  fire  between  the  point  of  impact  closest  to 
tb^  battery  and  the,  one  farthest' away,  excluding 
wild  shots.  The  pattern  in  deflection  is  the  distance, 
measured  at  right  angles  to  the  line  of  fire, 
between  tjie  point  of  impact  farthest  to  the.  ri^t 
and  the  one  farthest  to  the  left,  excluding 
wild  shots. 


53.119 

Figure  12-24.— Salvo  pattern. 

DISPERSION:  Distance  Of  the  point  of  impact 
of  that  shot  from  the  MPI,  Dispersion  in^ange 
is  measured  parallel  to  the  line  of  fire,  and  in 
deflection  at  ri^t  angles  to  the  line  of  fire, 
in  a  horizontal  plane.  Dispersion  in  range  is 
positive  when  the  shot  falls  beyond  tbe^MPI. 
Dispersion  in  deflection  is  positive  when  the  shot 
falls  to  the  right  of  the  MPI.  The  algebraic  sum 
of  the  dispersions  in  range  (or  deflection)  of  the 
several  shots  of  a  salvo  must  equal  zero.  (See 
definition  of  MH). 

APPARENT  MEAN  DISPERSION:  In  range  (or 
deflection)  the  arithmetical  average  of  the  dis- 
person  in  range  (or  deflection)  of  the  several 
shots  of  the  salvo.  Excludes  wild  shots. 

TRUE  MEAN  DISPERSION:  Arithmetical 
mean  of  the  dispersions  in  range  (or  deflection) 
of  an  infinite  number  of  shots,  all  assumed  to  have 
been  fired  under  conditions  as  nearly  the  same  as 
possible  and  excluding  ^vild  shots. 

HITTINGr  SPACE:  In  range,  the  area  behind  the 
target  in  which  a  shot  through  the  targefwill  land 
(fig.  12-25), 

DANGER  SPACE:  Distance  in  front  of  the  tar- 
get, measured  parallel  to  the  line  of  fire,  that 
the  target  could  be  moved  toward  the  firing 
point,  so  that  a  shot  striking  the  base  of  the 
target  in  its  original  position  would  strike  the- 
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POINT  AND  J! 
STILL  BE  HIT^  Ji 


DANGER 
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SPACE 


TARGET  COULD  BE 
MOVED  TO  THIS 
PO>NT  AND 
STILL  BE  HIT 
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Figure  Hitting  space  and  danger  space 

in  range.  / 

top  of  the  target  in  its  new  position  (fig.  12-25). 
At  most  ranges,  danger  space  is  virtually  equal 
to  hitting  space. 

STRADDLE:  Obtained  when  some  of  the  shots 
fair  ^hori. 'and  ^ihe  nfey6rid  (or-righf'feife4eft) 
of  the  target.  Wild  shots  eire  notconsidered.The 
target  in  view  A  of  figure  12-24  has  been 
straddled. ' 

ERROR  OF  MPI;  Distance  from  the  target 
(fig.  12-24)  or  other  reference  point,  such  as  the 
center  of  the  hitting  space,  measured  (in  a 
horizontal  plane)  parallel  to  Uie  line  of  fire  for 
range  and  at  right  angles  to  the  line  bffire 
for  deflection. 


rih;' 


SPOTTER 


The  primary  function  of  the  spotter  is  the 
correction  of  range  and  deflection  errors  of 
the  MPI  so  as  to  bring  the  shots  on  the  target. 
Prompt  and  accurate  correction  of  initial  errors 
may  be  the  deciding  factor  in  a  naval  engagement. 
He  bases  these  corrections  on  His  own  observa- 
tions combined  with  those  of  the  fire  control 
radar  operator.  As  a  rule,  in  good  visibility  the 
spotter  will  estiiiiale  the  necessary^  deflection 
correction,  and  range  corrections  will  be  obtained 
from  the  radar.  , 

'  If  radar  falls,  optical  spotting  must  substitute. 
In  the  initial  discussion  of  the  spotter's  problems, 
it  will  be  assumed  tha^  radar  Js  not  available. 

ALLOWING  FOR  SPLASHES:  With  a  high- 
speed surface  target,  the  spottex  should  bear  in 
mind  that  thfe  apparent  MPI  in  deflection  should 
be  held  abaft  the  point  of  aim  to  allow  for  target 
travel  while  the  splashes  are  forming.  Do  not 
assume  that  full  splashes  form  instantaneously 
at  the  impact  of  a  salvoi  The  time  Lag  is  only  , 
a  few  seconds  at  most,  but  is  sufficient  to  allow 
considerable  niovement  of  a  fast  target. 


Spotter  Qualifications  ... 

A  good  spotter  should  have  the  following 
qualifications: 

1.  An  even,  csmn  temperament,  not  excitable 
under  stress. 

2.  Sound  judgment. 

3.  Decisiveness. 

4.  Alertness. 

.5.  Normal  eyesight,  hearing,  and  speech. 

✓  -0  *  .     -•^  " 

Visual  Estimate  of  Target  *  . 

Course  and  Speed 

Besides  his  primary  function  of  correctmg 
the  fall  of  shot,  there  are  other  functions  which 
the ,  spotter  must  perform  before  and  during 
firing.  In  general  these  are:  a, 

1.  Describe  the  enemy  forces  (general  bearing 
line,  number  of  ships,  deployment,  etc. 

2.  If  he  is  also  acting  as  the  control  officer, 
he  estimates  the  values  of  range,  target  angle, 
and  target  speed,  and  keeps  plot  informed  of  * 
all  changes  to  these  values. 

3.  Keep  control  informed  of  the  tactical  situa«- 
tion. 

There  are  other  duties  which  the  spotter  may 
be  required  to  perform.  Their  exact  nature  will 
vary  with  different  types  of  ships.  The  spotter.*s* 
detailed  ^ties  and  spotting  propedures  are  pre- 
scribed in  the  ship's  Weapons  Department  Organi- 
zation Manual,  and  in  fleet  doctrinal  publications. 
(NWIPs,  etc.) 

To  arrive  at  a  solution  of.  the  fire  control 
problem,  the  connputer  must  have  target  course 
and  speed.  Often  the  spotter  can,  by^  observation 
througjh  bfnoculars,  get  this  data. 

To  determine  target  course,  the.spotter  must 
be  able  to  estimate  jw^cur ate ly  target  angle  (i.e«, 
relative  bearing  df^ov/n  .ship  as  seen  from 
the  target). 

To  estimate  target  angle,  the  spotter  must 
know  the  structural  details  of  all  likely  targets^ 
Silhouettes  of  all  probable  targets  are  furnished 
each  sliip.  The  spotter  jshould  study  the  details 
of  these  visual  aids,  not  only  for  the  purpose  of 
recognizing  the  enemy,  but  also  fpr  estimating 
target  angle.  In  estimating  target  a^^e,  the 
spotter  should  make  use  of  pronndnent  objects 
such  as  bridges,  breaks  in  the  .^ck,'  stackSt 
masts,  and  other,  features.  By  o&serylng.  the 
opening  and  closing  of  the  apparent  distance 
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between  such  detailb  the  spotter  can  estimate 
the  angle  the.  enemy  ship  nnakes  with  the  line 
of  6ight.  . 

Target  speed  can  at  least  be  only  roughly 
estimated.  Here  again,  knowledge  of  enemy  ships 
IS  valuable,  particularly  ,in  regard  to  maximum 
speeds.  Target's  speed  may  be  estimated  as 
about  1  or  2  knots  less  than  the  maximum  speed 
of  the  slowest  ship  in  the  formation, ' 

To  make  the  best  speed  estimates,  you  must 
have  extensive  training  and  e;q)erience*.  The  aids 
used  by  a  spotter  in  a  direct  estimation  of  target 
speed  are  smoke  from  the  stacks,  bow  wav6,.and 
stern  wake. 

METHODS  OF  SPOTTING 

As  in  other  operational  communications,  there 
is  a  "  prescribed  terminology  and  message 
^quence^f9r^sgotting.  The  examples  below  show 
the  geneFal  practice  at  tfie  present  time. 

SURFACE  FIRE.  For  ^surface  fire,  only  range 
and  deflection  are  spotted^i  The  correction  nec- 
essary to  bring-  the  MPI  on  the  target  is  given 
in  the  following  terminology  sequence. 

1.  Deflection  correction— RIGHT  or  LEFT, 
in  mils. 

2.  Range  correction— ADD  or  DROP,in  yards. 

Where  no  correction  is  necessary,  the  desig-  . 
nation  NO  CHANGE  i3  used.  Typical  examples 
of  spot  transmissions  by  telephone  are  RIGHT 
10,  ADD  1,000  or  DROP  500. 

AA  fire»  For  air  targets,  corrections  to  bring 
the  burst  on  the  target  are  needed  in  three 
dimensions.  Even  well-trained  personnel  find  it 
almost  impossible  to  estimate  errors  rapidly 
in  three  dimensions.  AA  spotting  is  therefore 
generally  limited  to  correcting  for  obvious  sys- 
tem errors. 

The  proper  terminology  for  spotting  in  AA 
fire  is  as  follows; 

1.  Deflection  correction— RIGHT  or  LEFT, 
in  mils. 

2.  Range  correction— ADD  or  DROP,.' 
in  yards. 

Deflection  and  evaluation  spots  norn*ally  are 
made  .by  the  control  officer.  Range  spots  wil^  be 
made  by  the  rangefinder  or  radar  operator. 

NAVAL     GLNFIRE     SbPEORT.     In  shore, 
bombardment,  as  in  AA  fire,  spots  in  three  dimen- 
sions may  be  necessary.  The  terms  are  the  same 
as  in  the  preceding  paragraph,  but  the  units  are 


not  the  same.  When  naval  guns  are  used  to  support 
landing  operations,  joint  forces  are  involved.  The 
Navy,*  Army,  and  Air  Force  have  a  standardized 
spotting  terminology  for  joint  operations  which 
differ  from  the  above,  in  that  all  corrections  for 
indirect  fire  area  spotted  in  yards.  At  the  com- 
puter, deflection  and  elevation  spots  must  be 
converted  to  angular  units  before  being  applied 
to  the  computer*  ,  ' 
There  are  three  methods  of  visual  spotting; 

1.  ^Direct.  ^'^^^ . 

2.  Bracket-and-halving. 

3.  Ladder. 

The  method  used  depends  on  the  type  of  battery 
firing,  type  ,of  target,  visibility,  and  range. 

Direct  Method  "nr 

Spotting  by  the  direct  method  is,  as  its  name 
implies,  the  spotting  of  salvos  (splashes)  direct 
to  the  target.  This  is  the  most  desirable  pro- 
cedure, but  its  use  is  limited  to  shorter  ranges 
and  conditions  of  good  visibility'.  For  reasonably 
accurate  visual  spotting  at  a  range  of  15,000 
yards,  a  spotting  height  of  120  feet  is  required. 
The  splash  must  be  relatively  close  to'  the 
target,  and  the  rangekeeper  set-up  fairly 
accurate. 

A  thoughtful  analysis  of  the  problem  with 
reference  to  the  spotting  diagram  in  figure 
12-26  reveals  that  the  greatest  limitation  of  the 
direct  method  in  visual  spotting  is  in  range. 
Deflection  spots  can  be  made  with  equal  ac- 
curacy at  any  visible  distance,  ff,  then,  air 
observation  is  available,  and  the  plane  spots 
ift  range  with  the  ship  spotting  in  deflectionr 
the  direct  method  can  be  used  by  the  battery  at 
any  range  .  at  which  a  portion  of  the  splash  is 
visible  to  the  shipboard  spotter.  Air  spotters 
cannot  spot  accurately  in  deflection  unless  they 
have  a  line  of  sight  containing  the  firing  ship 
and  the  target.  f 

/  Spotting  the  fall  of  shot  at  very  short  i^gQS 
differs  from  other  spotting  problems  in  that 
range  errors  are  not  difficult  to  judge.  However, 
in  determining  deflection  errors  at  ^horf  ranges, 
consideration  must  be  given  to  the  travel  of  the 
target  and  the  spotter's  position  relative  to  the 
line  of  projectile  flight.  For  example,  with  the 
firing  ship  and  target  on  opposite  courses,  target 
to  starboard,  a  shot  fired  with  correct  deflection 
but  long '  in  range  will  appear  to  the  spotter  to 


GUNNER'S  MiVrE*G  3  &  2 


20,000=:  _ 
isipoo— 

-JSjOOO  • 

17,000 

f6,000 


.  10,0Q0 


9.000 


10 

MIL  SCAL£ 


Figure  12-26.— Practice  diagram  for  range  spotting. 
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be  in  errpr  to  the  left  of  the  target.  Special 
short-range  splash  diagrams  aid  the  spotter  in 
this  type  of  firing. 

Bracket-and-Halving  Method 

.Bracket-and-halving  is  used  at  long  ranges 
,wh)bn  no  air  or  radar  spot  is  available.  At 
great  distances  it  is  difficult  to  tell  if  a  splash . 
is  short  of  or  over  a  target,  unless  the  two  are 
in.  line.  If  the  splsish  and*target  bxq  (lot  in  line, 
the^first^spot  is  made  in  deflection  only.  When 
target  and  splashes  are  in  line  in  deflection^  a 
range  spot  is  made  in  such  a  direction  and  amoimt 
as  to  "cross'*  the  target  definitely.  The  direction 
of  the  next  spot  is  reversed,  and  the  size  of  the 
spot  is  cut  in  half.  This  ••halving'*  is  continued 
imtil  a  straddle  is  obtained,  at  which  time  it 


may  be  appropriate  to  shift  to  rapid  partial  salvo 
or  to  rapid  continuous  fire.  The  .spot  should 
not  be  reduced  below  patjem  size.  \ 

Ladder  Method 

When  rafiging  is  difficult*  and  visibility  poor 
because  of  fog,  smoke,  or  darkness,  the  ladder 
technique  is  valuable.  Ladders  are  not  par- 
ticularly adaptable  to  fastrmoving  targets.  There 
are  mnxty  variations  of 'this  technique,  but  the 
basic  procedure  is: 

It  Fire  is  deliberately  opened  short. 
.  2.  Suceeding  salvos  are  fired  to  approach 
the  target  in.  steps  not  less  than  pattern  size. 

3.  As  soon  as  the  target, is  crossed,  the 
steps  are  reversed  and  halved  until  the  target^ 
has  again  been  crossed* 
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After  the  target  is  straddledr .  a  rocking 
ladder  may  be  usqd  with  slow  timed  fire,  or 
with  rapid  partial*  salvo  or  continuous  fire.  In 
a  rocking  ladder  the  pattern  shifted  back  and 
forth  across  tl^e  target  b>  small 'arbitrar>  suc- 
cessive spots^  such  as.. +100.  0,  -100,.....,.  

introduced  at  the  computer.  Its  effect  is  to 
increase  the  pattern  size,  which  may  be  valuable 
when  firing  against  a  target  ce^able  of  rapid 
maneuvei^^ng.  The  rocking  ladder  can  be  used  in 
conjunction  with  air  or  radar  spotting,  'feo  long 
as  the  spotter  is  kept  informed  that  this  tech- 
nique is  being  used. 

^  When  the  rocking  ladder  method  is  used,  the 
computer  operator  in  giui  plot  automatically 
introduces  the  arbitrary  spots  into  the  computer. 
The  spotters  Job  at  this  tinie  is  to  observe  the 
effects  of  the  arbitrary  spots  and  report  any 
changes  in  target  course  and  speed. 

SPOT  EYRAMIDING 

'  ^ot-pyramiding  is  the  g^pUcation  of  a  new 
spot  before  the  effect  of  a  previous  ^t  has  had 
time  to  tecome  parent.  It  can  occur  only  in 
rapid  fir^V-when  the  interval  between  shots  or 
salvos  is  less  than  the  time  of  flight  plus  the 
spotting  interval.  In  that  case,  when  a  salvo 
lands,  there  £u:e  one  or  more  other  salvos  in 
the  air.  Suppose  the  spotter  makes  a  spot  on 
the  salvo  ,which  has  just  landed,,* This' spot  is 
applied  and  a  new  salvo  is  fired#  Then  one  or 
more  of  the  salvos  which  were  already  in  the 
air  lands,  and  the  spotter,  forgetting  that  his 
previous  spot  has  not  had  time  to  show  its  effect, 
spots  again.  This,  spot,  is  applied  to  the  next 
salvo  fired  with  the  result  that  this  salvo  is 
overcorrected  and  will  probably  miss,  as  will 
Subsequent'  salvos  until  the  spotter  sees  his 
mistake  and  spots  back  Bgeln^ 

The  tinie  of  flight  clock  signal  helps  to.  avoid 
pyramiding^  A  button  on  a^niechanical  time  clock 
is  pressed  in  the  plotting  rooni.  when  the  salvo 
on  which  a  spot  is  applied  fired.  The  clock 
has  been  pre&et  to  ring  ^ust  before  the  time  of 
flight  of  the  projectile  ends^  Before  the  salvo 
lands,  the  mechanism  founds  a  buzzer.  Tiiis 
information  is  then  relayed  to  the  spotter  via 
sound-powered  phones. 

Because  spot  pyrarriiding  is  common  and  has 
a  disasfious  effect  on  aCi^aiate  control  of  fire, 
the  mean  used  to  pi  eve  jit  it  must  be  carefully 
and  correctly  operated^  For  example^  if  the 
time-of-flight  inechanisi^i  operator  forgets  to 
press  the  button  'for  a  j  spotted  salvo,  and  the 


spotter  waits  for  the  signal,  he  may  continue 
to  wait  after  it  becomes  appsirent  that  his  pre* 
vious  spot  wa^  incorrect,* 

When  modem  fire  control  systems  are  being 
used  to  solve,  tlie  fire  control  problem,  the  rate 
control  process  is  used  to  mike  constant  cor* 
rections  to  the  solution.  If  spots  are  applied  at 
the  same  time  as  rate  control  corrections,  the 
.effect  is  the  same  as  pyramiding  of  spots. 
Under  normal  circumstances,  AA  fire  is  rate 
controlled.  Hence  spotting  of  air  bursts  is  rare. 

*  SPOTTING  WITH  RADAR 

I 

Radar  spotting  has  proved  to  be  both  accurate 
and  reliable  within  the  range*  of  surf  ace  batteries. 
Radar  provides  a  means  of  spotting  which  is 
iiidependeht  of  conditions  of  visibility,  so  that 
blind  spotting  *  is  possible  with  blind  firing. 

Shell-  splashes  appear  on  the  scope  as  fluc- 
uating  echoes  AShich  last  for  several  seconds,  de- 
pending on  the  . size  of  the  projectile  lind  the  range. 
The  large  column  of  water  thrown  up  by  the^ 
projectile  produces  the  ^cho.  Salvos  produce 
larger  or  multiple  echoes  on  the  scope. 

If  the  projectile  stays  within  the  vertical, 
•limits  of  the  radar  beam,  its  fli^t  to  the  point 
of  impact  qan  be  followed  on  the  scope  on  main 
sweep.  The  projectile'  produces  a  small,  weak, 
moving,  echo .  which  begins  at  t^  edge  of  the 
scope  and  inoVes  out  in  range  toward  the  target. 
At  the  PQlnt  .of  impact  the  echo  stope  and  grows 
larger  as  tHe  splash  builds  up.  Echoes  from 
diirett  hits  or  Sear  misses  will  not  be  lost  in  the 
target  ecjio,  '  wlille  salvos  .which  straddle  the 
target  may  envplop  the  target  echo  in  tlie  midst 

*  of  the  splash  echoes  on  the  scope,  thereby  making 
it  impossible  .to  distinguish  individual  splashes. 
Range  errpr^.can  usually  be  estimated  by  radar 
wlth„  'greater  accuracy  than  by  opticsl  spotting, 
but  deflection  spbtQng  with  radar  is  difficult, 
especially  when  the  error  is  small.  Nesir  misses 
sometimes  merge  with  and  are  indistinguishable 
from  the  target  pip.  Consequently,  repeated 
salvos  can  land  with  a  2-mil  to  5-i?iilerr«r  wliich 
is  hot  separately  distinguishable  but  may  not 
be  hits.  Target  practice  is  used  to  determine  the 
ntininnim  deflection  error  that  can  be  detected 
on  a  particular  radar.  When  radar  is  the  only 

.  means  aviailable  for  deflection^potting,  deflection 
"rocking*  ladder should  be  used.  The  order  of 
preference  in  spotting  fihrface  fire  is  usually: , 
RANGE  -  radar,  aii*,  and  visua^;  DEFLECTION - 
visual^  radar,  and  air^ 
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In  night  action,  or,  action  under  reduced  visi- 
bility, radar  normally  spots  for  both  range  and 
deflection* 

Secondary  methods  are  used  by  the  director 
and  i&  fire.^controI  plot  when  gun  orders  cannot 
be  received  at  t^  gun  mount  due  to  fire  control 
equipment  failur.^p[nearller  linear-rate  systems, 
the  director  can  be  driven  manually  in  ev^nt  of 
power  drive  failure*  Range,  bearing,  and  eleva- 
tion data  can  be  sent  to  plot  by  telephone  if 
synchro  transmission  fails,  as  can  firing  orders 
to  the  mount  if  the  firing  circuit  fails*In  the  event 
of  stable  element  failure,  some  older  fire  control 
systems  can  be  stabilized  manually  by  acrevwaaa^i 
who  keeps  a  telescope  LOS  aligned,  with  the 
horizon*  If  synchro  transmission  fails  with  any 
computer  Inputs  or  outputs,  data  can  be  introduced 
manually  or  read  from  dials  and  telephpned  from 
plot,  but  neither  stable  element  nor  computer  can 
function  without  the  proper  Isupply*  When  any 
failure  prevents  data  from  reaching  the  gun 
mount,  secondary  methods  must  be  used  at  the 
.  gun  mount*  \ 

LOCAL  CONTROL 


So  far  in  discus 
^concentrated  on  the, 
operation*  These, 
used,  Eind  the  oni 
the  ship's  armsime 
But  battle  damage, 
'  cidents  can  disable 


fire  control,  we  have 
'mary  methods  of  battery 
the  ones  most  commonly 
ich  permit  employment  of 
with  the  greatest  efficiency* 
personnel  losses,  and  ac- 
any  system  to  the,  extent 
that  some  secondary  operating  niethods  are 
essential  if  the  system  is  to, keep  operating  at 
all,  even  iC^not  at  full  efficiency^  Aboard  ship 
you  will  not  only  employ  such  methods  In  battle 
operations,  but  also  in  training  lor  such-emsr- 
.gencles*  ^  ' 

All  3-lnch  gun  mounts  and  larger  are  equipped 
with    .adjustable      sl^ts*   With  these,  It  is 
possible  to  offset  ^the  gun  bore  axi^  fi^om  the 
LOS  to  the  desired  si^t  angle  and  deflection* 
'This  function  Is^performed  by  a  crewman  called 
the  sightsetter,  who  mans  the. si^t?- setting  Indi- 
cator* to  gun  mounts  5-lnch  ^  and  larger,  this 
unit  Contains  hand-cranks  and  "gear Ing  fol  phys- 
ically ^nwVing  the  sight' optical  units  (or  moving" 
optical  parts  within  the  ltghts),*and  two  sets  of 
dialB  (fig*  12-27A  and  Bj*  One  set,  driven  Wy  the  . 
sight  gearlrlg,  .dl^lays  present  ^ght  angl^^and 
deflection*  The  other6  are  synchrordrivep  to  ' 
display  sight  ^gle  and.  deflection  ordered  by  the 
computer,  (3'V50  mounts  do  not  have  the  synchro-/ 
dr'ive'n  dials).  Even*  In  automatic  opei^tion  the 


sightsetter  mans  his  station  and  cranks  the  iight 
gearing  to  I^ep  the  sight  indicatojr  dials  mashed 
.up  with  the  computer-controlled  dials  so  th^  the 
LOS  *of  the  gun  sights  remains  on  ^get 
although  the  gun  bore  axis  is  offset  in  accoj^^ce 
with  the  sight  angle  and  deflection  comp^ents 
of  gun  order*  In  3'V50  and  5'V38  moiu^,  an 
extra  range  dial  coupled  to  this  sight' angle -i(^rank 
reads  ^rectly  in  yards  of  range  to  a  s\J^ace 
target*  *  t[ 

In  all  types  of  secondary  (local)  cont&l  the 
gun  must  be  laid  by  gun-laying  personnelfon  the 
mount*  In  older  types  like  40-mm  and ^'738 
mounts  the  pointer  on  the  left  side  of  the 'mount 
elevates  and  depresses  the  gun  while  the  trsdner 
(on  the  right)  trains  the  mount*  Each  gun!  layer 
has  a  gun  sight*  They  may  either  cental  the 
mount  power  drive  or  position  the  mount  by  their 
own  muscular  effort  (manual  operation)* 

In  3*V50  RF  mounts,  and  automaticallyJ[oaded 
^"/54  mounts,  thejre  is  no  provision  for  complete 


manual  operation*  The  mount  can  be  opeBated  in 
local,  but  only  if  the  power  diiye  is  funcMoning* 
Manual  operation,  is  limited  only  to  maintenance 
and  stowing^ movements*  In  the  3'V50gunMounts, 
either  of  the  gun  layers  can  take  over  cfi 
local  control  of  gun  positioning  wherea^ 
5"/54  Mk  42  gun  mounts,  this  is  accomp 
one  man  control  unit  operator* 

In  local  control,  gun  layers  mustworl^S^iththe 
sightsetter.  Here  is  the  basic  procedure.' 


1*  The  gun  layers  position  the  moun^o  that 
their  lines  of  sight  are  on  target,  and  t§^  con- 
tinue positioning  it  to  keep  on  t|irget* 

.  2*  Most  mounts  have  synchro-driv^ 
(as  in  fig*  12-27,  part  B)  which  indicate  < 
sight  angle  and  deflection*  The  sightsettel 
in  sight  angle  and  deflection  until  the  out 
(positioned  by  his  handcranks)  match  thEginner 
(synchi'o-driveri)  dials*  Tliio  action  siniHtane- 
ously  repositions  prisms  in  the  sight ^)tical 
systems,  causing  the  telescope  lines  of  nght  to 
shift  off  target*  t        ml  ^ 

3*  The  gun  layers  drive  the  riiount »  keep 
on  target*  This  automatically  offsets  the,  ^ bore 
axis  by  the  angles  that  the  sightsetter  hfig^anked 
lit* 


Figure  1^-27,  Part  ^,  shows,  the  h^crank 
arrangement,  Part  B  shows,lnmoredetalMiow  the 
dials  look  when  matched*  The  fixed  ind^^show.s 
the  angular  values, actually  cranked  In*  |b  used 
when  thejre  is  no  synchro  transmlssioj  |um}er 
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these  conditions,  the  information  is  ei^ther  trans- 
mitted by  phone  or  comes  from  the  mount  captain, 
based  on  his  estimate  "of  range,  ballistic  cor- 
rections, 'and  lead. 

On  mounts  5-inch  and  larger,  the  sights  are 
carriage  mounted.  The  sights  therefore  train  witiv 
.the  carriage,  but  the  carriage  doesn't  elevate. 
Jo  make  the  sights  elevate  with  the  gun,  they 
must  be  driven  by  a  mechanical  linkage  from  the 
elevating  gear.  Thus  the  sight  angle  prisms  in 
the  optical  systems  must  be  positioned  by  the 
algebraic  sum  of  two  inputs— gun  elevation  and 
sight  angle.  This  is  the  function  of  a  mechanical 
.  differential  in  the  sight  angle  gear  train. 

Mounts  smaller  than  , 5-inch  have  slide- 
mounied  sights  thai  elevate 'and  train  with  the 
gun  barrel.  The  differential  is  not  needed.  Nor 
do  mounts  sm^ler  than  5-inch  have  synchro  re- 
ceivers for  sight  angle  and  deflection.  When 
necessary,  computed  sight  values  are  transmitted 
bypbone,  -  ^  \ 

ItV  HbTTifeiAdCBl  control  operations,  all  firing  ^ 
is  controlled  at  the  gun  or  mount.  Guns  are 
loaded  and  fired  on  command  of  the  gun  or  mount 
captain.  .Pointer,  trainer,  and.  sightsetter  are 
responsible  for  correct  gun  laying,  but  pointing 
and  training  are  done  by  means  of  the  sight  tele- 
scopes. When  the  pointer  and  trainer  aie  on 
target,  the  pointer  closes  his  firing  key  to  fire 
.  the  gun.  The  gun  captain  also  is  the  spotter. 

Following  are  brief  discussions  of  the  duties 
of  gun  crew  members. 

> 

1.  The  POINTER  operates  a  handwheel  that 
elevates  and  depresses,  or  points,  the  gun.  He 
looks  through  a  telescope  (pointer's  sight),  with 
horizontal  and  vertical  crosshairs,  which  moves 
as  the  gun  moves.  ftAs  telescope  is  also  capable 
of  independent  movement,  over  which  the  pointer 
has  no  control.  , .  • 

Because  of  this,  when  the  pointer  has  tlie 
crosshairs  vl  his  scope  on  target,  he  may  be 
looking  at  the  target,  ;but  his  gun  is  elevated 
above  it.  The  angle  between  hi^  ,line  of  sight 
and  a  line  through  the  gtin  bore  is  the  Sight 
angle.  * 

.  The  pointer  does  not  set  ^the  sight  angle. 
It  is  his  business  to  keep  the  horizontal  cross- 
hair on  the  target.  When  the ,  gun  is  in  local 
control,  he  fires  when  the  two  wires  that  intersect 
are  at  the  point  Of  aim.. 

2.  The  TRAINER  operates  a  handwheel  that 
turns  (trains)  the  gun  from  side  to  side.  He  also 
has  a  telescope  (trainer's  sight)  with  crosshairs. 
.Like  the  pointer,  the  trainer  has  no  control  over 
his  telescope,  except,  of  course,  that  as  he  trains 


Lcpe  trains  with  it.  It  is ' 
to  keep  his  vertical  cross- 


the  gun  jnount,  th' 
the  trainer's  bu'^ii.e 
hair  on  target. 

3.  The  SIGHTvSETTER  is  the  man  who  is 
responsible  for  uiuving  the  pointci 's  and  trainer's 
sights  with  r^sptjct  tv  tlie  gun.HL  has  a  handcrank 
for  sight  angle,  and  another  for  ^Mlection  angle 
(fig.  12-27x\J,  Zeroirg  is  done  b>  handcraJik; 
Sight  angle  is  zciocJ  b}  turning  the  elevation 
input  handwheel  until  tight  aiigle  cii^  reads 
^2000  minutes  (fig.  12-27),  Uefk^tion  is  z^:roed 
by  turning  the  ckflLction  input  handwht^cl  until' 
the  deflection  dial  i  -i^^  ^  5U0  mil^. 

As  stated  before,  dcUection  spots  are  made  in 
mils;  they  are  applied  !j\  ire&ns  of^the  deflection 
input  handwheel.  Range  ^pots  aie  Inade  in  yards 
b>  hieaiis  of  thu  elevation  input  handwheel,  which 
also  moves  the  langf,^  dial  (gryduuted  in  yards). 
^(See  figs.12-27  and  12-2S), 

The  corrr^ct  phrat^edlogy  for  range  is  Add 

prop)  '   >ards.  All  spots  are  given 

to  the  sightsetter  b>  the  mount  captain.  When  the*^ 
spots  aie  Licmkcd  vAv  11  w  slight. eltei s regulator, 
the  word  is  pasbeU  to  the  luount  captain  using  the" 
phraseology  "Deflection  Set,  Range  Se(*\ 

As  we  already  knew  spots  in  deflection  ^are 
made  in  mils.  Since  this  is  important  to  the 
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^  spotter,  let  us  cover  this  subject  once  again^  A 
**mil  is  an  angular  measurement  which  will  correct 
deflections  of  1*  yard  for  each  1000- yards  of' 
range.  (See  fig.  12-17).  Thus,  i  mil  will  move 
^  the  fall^  of  shot  T  yard  at  1000  yards  range,  2 
yards  at  2000  yards,  3  yards  at  3000  yards,  and 
so  qh.  How  the  mil  is  used  when  spotting  shall 
be  covered  later  in  tliis"  chapter  when  we  show 
an  example  t>f  how  the  spotter  solves  the  problems 
related  to  spotting.  ^ 

0 

To  estimate  the  range  to  a  surface  target, 
you  must  have  a  reference  point  whose  range 
you  kno>A^n  day  time  the  horizon  is  the. logical 
thing  to^^  for  reference.  If  the  range  to  the 
target^  can  not  be  obtained  from  the"  battery 
officer,  CIC,  gun  plot  or  from  various  Idbkout's, 
then  you  must  use  the  horizon  for  your  reference. 
For  example,  if  your  eye  level  is  30  ft,  above  the 
water  line,  the  Itorizgn  would  be  approximately 
12,750  yds.  away.  If  lieight  of  eye  is  25  ft.,  the 
rknge  would  be  approximately  11,550  yds.,  see 
figure  12-29,  Tbe  key  to  estimating  ranges  is 
the  appearance  of  the  main  deck  of  the  targe^t 
^in  relation;  to'  the  horizon.  If  the  target  is  on 
the  horizon,  tHe  range*  will  be  12,750  yds,  if  your 
eye  level  is  30  ft.  above  the  water  line.  (It 
must  be  understoodthat  all  ranges  are  approxima- 
tions). As  the  target  moves  toward  your  ship, 
mof e  water  can  be  seen  between  the  target  and 
tlle>  horizon.  If » the  amount 'of  water  is  th^  same 
between  your  shi^  and^tiie  target  and  from  the 
target  to  the  horizon,  Uie  .target  will  be  halfway 
between  your  ship  and^e  hotizon  or  half  the 
range' to  the  horizon  about  6,350  yds.  This  method 
will  be  much  better  thaip  haphazard  guesses  and 
should  put  your  opening  salvo  close  enough  to 
the  target  so  you  wi\l  be  able  to  make  spot 
corrections.  The  first  step  aftet  firing  your, 
first  round  is  to  spot  the  fall  of  shot  in  deflection 
so  that  the  next  round  Will  be  moved  closer  to^ 
tbe  center  of  the  targpjb.  Orice  this  is  done  you  can 


then  use  the  t^get  for -estimating  range  spots*, 
the  distance  between  the  fall  of  shot  and  the 
target..  . 

,  The  DIRECT  METjEiOI?  of  spotting,  will  be  used 
to  explain  the  principles  of  spotting.  Using  this 
method  you  mak^  corrections  to  bring  your 
splashes  directly  onto  th^  target.  This  method 
works  reasonably  vvelL  at  plose  range  with  good 
'visibility,  '  .  ' 

Spotters  PROBLEivi 

In  the  following  eixample  you  are  the  mount 
captaiftt  ^ou  have  received  orders  to  enga!^  an 
enemy  destroyer  on  a  bearing  of  270  degrees 
relative.  Your  job  is  to  put  tjiat  destroyer  out  of 
acfron  before  he  can  damage  yqur  ship.  The  type  ' 
of  ammuiytion  selected  is  A.P.  projectiles.  Before 
you  take  the  destroyer  under  fire,, you  check  to 
see  that  you  have  the  following  equipment  set  up 
properly.  The  fuze  setter-should  be  set  on  safe 
and  the  sightsetter's  dials  set  to  500  mils  for 
deflection  and  2,000  minutes  fox  sight  angle,  (zero 
setting  for  local  spotting)  wl\en  you  make  sufe  that 
the  ammunition  hoists  are  loaded  with  the  cor.rect^ 
type  of  ammunition,  you  and  i^ur  crew  ar^  now 
ready  to  take  tlie  destroyer.^nder  fire. 

First  you  mu^t  estlpate  the  range  to  the 
target.  Ifeing  the  horizon  as  a  reference,  .;^ou 
estimate  his  range  at  3,500  yards,  for  example. 
For  your  first  salvo  leave  the  deflection  dial  at 
500  mils  Or  zero.  Pass  on  to  your  sightsetter 
the  following  orders:  ••EWjjlection  zero,  range 
^3,500'* .  TKe  sightsetter  sets  these  estimates  into 
the  sightsetter •&  regulator  and  notifies  the  mount' 
captain  of  the  fact  by  the  following  words  "Deflec- 
tion Set,  Range  Set*',  Qn  your  command/the  gun 
is  loaded.  The  pointer  and  trainer  elevate  tod  train 
the  mount,  to  bring  their  respective  crosswlres 
on  ,the  target.  When  on  target,  the  pointer  fires, 
(See  ffg.  12-30).  If,  'for  example,  the  fall  of  shot 
appears  to  be  abput  400  yards  beyond  and  15  yards 


<  APPROXIMATE 
HEIGHT  OF  DISTANCE  TO  HORIZON 

EYE  IN  ^        .  IN 

FEET  YARDS 
* 

20   10,300  ' 

25-   11,550  I 

30  $^  1*2,750  ^ 

35    13,750  - 

40   —^4,750 
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Figure;.12-30^r- Direct  method  of  spotting. 
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r  to  the  right  of  the  target,  pass  on  to  the  sightsetter, 
'»Left  5,  Drop  ^0'\ Five  mils  deflection  will  moye 
the  splash  15  yards  at  3,000  yards  range. 

.  The  gun  is  loaded  again.  You  receive  •'Set" 
from  .the  slghtsetterV  The  pointer  and  trainer 
position  ^their  crosswires  back  on  the  center  of 
the  targej,  and  when  on  target,  the  pointer  fires. 
You  observe  this  fall  of  shot  (fig.  12-30)  to  be 

-  directly  in  line  but  short  of  the  target.  ,You 
estimate  that  the  splash  is  200  yards  short.  Your 
order  to  the  sightsetter  is  »»No  Change;  Add  200' ^ 
As  ttiis  coi^rectton  is  entered  tnto  the  optical 
system,  the  gun  is  loaded,  ^en  you  receive 
"Sefiirom  the  sightsetter  afiS  "ON  target'*  from 
the  pointer  and  trainer,  the  pointer  again  fires. 
If  you  see  that  your  spotting  has  resulted  in  a  hit, 
you  \der  'T^o  Change,  No.  Change"  and  "Rapid, 
continiS^fire''."  This  type  fire  is  maintained 
until  thetkrget  is  destroyed  or  until  cease  fire 
orders  are  received  from  tiie  director  officer. 


SAFETY 

On  1  October  1951,  one  5-inch  38-calit^  gun 
aboard  £U  destroyer  fired  into  another  mount.  As 
a  result,  6  men  were  killed  and  15  wounded. 

In  the  investigation  that  followed,  the 
commanding  officer  and^e  weapons.officer  stated 
that  they  were  unaware  that  such  an  accident  was 
possible*  If  they  had  knoftm  that  one  gun  could  fire 


into  the  barrel  of  anothe^^  they  would  have  — as 
prescribed  by  the  general  safety  precaution  — 
issued  additional  precautions  intended  to  prevent 
,such  an  accident.  As  it  Was,  no  warnings  or  pre-^ 
cautions  dealing  with  this  hazard  had  been  pQSted. 

The  mount  captain  had  noi  coniplie'd  adequately 
with  safety  requirements,  for  he  did  not  use  his 
sight  port  to  observe  the  line  of  fire  to  ensure 
that  it  was  safe.  The 'gun  of  mount*  two,  the  • 
mount  hit,  was  trained  and  elevated  to  a  "ready" 
position.  In  this  position,  the  gun  barrel  could 
be  in  the  'line  of  fire  of  mount  one.  Mount  two 
was  not^firing;  it  was*  not  to  fife  until  after 
mount  one  Had  completed  its  firing.  For  safety, 
therefore,  mount*  two  should  have  been  held 
••ready'"'  at  its  normally  secured  position  at 
zero  degrees  train.  If  It  had  been  held  "ready", 
no  accident  would  have  occurred. 

\  The  cut-out  cam  Is  designed  to  prevent'  firing 
:  into  fixed  objects  of  the  sjiip's  structure.  These^ 
lijclude  turrets,  mounts,  launchers,  torpedo  tubes, 
and  cranes  in  their  stowed  positions  only*  Per- 
sonnel' must  see  that,  such  Items  do  not  endanger 
the  line  of^  firg.  In  this  case,  any  one  of  several 
responsible  Individuals— the  commanding  officer^ 
<the  mount  captain,  or  safety  Observer  —  co\ild 
have  prevented  the  accident.  No  mechanical  defect 
existed.  The  failure  was  human.  ^  . 

At  the  time  of  this  casualty,  the  precaution 
read: 
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•V  / 

When  using  director  train,  while  firing  at 
gunnery  exercises,  an  observer  from  the  firing 
ship  for  each  gun  or  turret  shall  cause  the  firing 
circuit  to  be  broken  whenever  the  gun  or  turret 
is  trained,  dangerously  near  any  object  other 
than  the  designated  target,  ^ 
'  '  1 

The  precaution  has  since  been  revised  to  its 
present  form,  to  remove ;  any  doubt  as  to  its 
meaning;  The  change  was  naade  partly  as  a  result 
of  this  case,  , 

Ships  wilL^cease  the  firing  of  any  gun  whose 
line  of  fire  is  enjiangering  any  objects  other 
than  the  designated  target.  These  objects  include 


friendly  ships  ^and  aircraft  and  own  ship's 
structure  together  ^ith  the  mounts  and  launchers 
and  theix  barrels,  fixed  or  moving.  This  stipu- 
la^on  ^applies  to  objecTs  in  the  vlcinify  of  the 
firing  point,  throughout  the  trajectory,  and  in 
^the  vicim^'of  the  target.  Turrets,  mounts,^guns, 
and  launchers  which  are  not  firing,  while  others 
are  firing-,  ^  shall  .  be  traiged  and  elevated  if 
manned,  or  secufed  if  unnianned,  in  a  manner 
that  will  provide  the  greatest 'amount  of  safety^ 
from  the  firing,.  This  position  of  greatest  amount* 
of*  safety  of  the  ujimaained  mountfi^will  generally 
be  that  position  which,  the  firing  cutout  mech- 
anism cpuns  of  the  firing  mounts  were  cut 
to  cleaTw^   ^-  , 


.  CHAPTER  13 

FIRE  CO^slTROL  INSTRUMENTS  AND  TECHNIQUES 


A  sMp's  weapoo  ^system  is  defined  as:  the 
combination  of  a  weagon  (or  weapons)  and  the 
equipment  used  to  .l?ring  the  destructive  power 
of  the  weapon  agaii^st  the  eneiny.  It  includes 
units  to  detect,  locate,  and,  identify  the  target; 
deliver  or  start  deliverV  of  a^  weapon  to  the 
target;  control  delivery  unit  or  weapon;  and 
destroy  the  target*  Weapons  systems  are  made 
up  of  a  combination  of  fire  control  systems 
that  could  include  either  gun, 'missile,  or  under- 
water fire  control.         '  ^  i.  * 

In  this  chaptei^we  e^qpla^n  the  equipment  that 
makes  up  a  gun  lire  control  system  (for  ex- 
ample, rkdar,  directors,  computers,  and  stable 
elements).  For  a  ship's  weapon  system  to  in- 
flict maximum  damage  on.  a  target,,  information 
receivedf  at  the  gun  mount  or  turret  must  be 
-continu(^s  and  accurate.  In  a  gun  fire.  Control 
servosy^em,  synchros  are  used- to  transmit 
and  receive  remote  gun  orders  from  a  control- 
ling director  to  the  mount  or  turret  under  its 

control. 4.  ,  t.* 

Some  jgun  fii^  control  directors  use  a  sight 
mechanism  that  helps  compute  the  necessary 
gun  corrections  to  ensure  a  target  kiU.  Since 
gun  sights  play  an  important  role  in  gun  laying 
both  at  ihe  direqtor  and  gun  stations,  the  con- 
structioiLand  function^" of  some  of  these  sights 
will  be  explained.      /     '  ^_  , 

The  fuz6-settex  located  in  the  gun  wnrnt 
or  turret  plays  .an  important  part  in  a  fire 
control  System.  The  relationship  of  the  fuze 
setter  to:  the  fire  control  system  also  is  dis- 
cussed. Me  begin  this  chapter  explaining  the 
purpose  fflid  functions  of  gun  sight  mechlmlsms. 

GUNStGHTS 

The  p^mary  purpose  of  any  sight  on  a  gun 
or  director  is  to  establish  a  Une  of  sight  from 
the  observer  to  the  target.  When  the  taJ«et  is 
distant,  the  sight- may  4n  addition  provide  an 
enlarged  ^^mmage  of  the  Jarget  to  improve  ac- 
curacy.   1  ,  * 


Optical  instruments  used  in  naval  gun  fire 
control  systems  present  a  magnified  image  of  the 
target  to  tl^  observer's  eye.  At  the  same  time, 
the  observer  sees  an  image  of  a  reticle  or 
reference  mark,  located  inside  the  instrument 
itself.  By  accurately  superimposing  the  reticle 
image  on  the  target  imagq,  the  observer  can 
establish  an  accurate  line  of  sight  to  the  target. 

Gun  sights  can  be  grouped  into  three  general 
types.  '        ^  "  - 

1.  Simple  sights  without  optical  system 

2.  Telescopic  sights  witk  fixed  optical  com- 
ponents \  ' 

3.  Sights  with  movable  optical  components 

SIGHTS  WITHOUT  OPTICS 

An  example  of  si^ts  without 'opticls  is  th^ 
peep  Sight  n^d  on  infantry  small-arms  weapons, 
or  the  ring  sight  (figure  13-1)  installed  for 
emergency  use  on  some  antiaircraft  gun  mounts. 
The  observer  looks  throu^  the  eyepiece.  When 
he  has  the  target  in  line  with  the  center  of  the 
front  sight,  the  Une  of  si^t  to  target  is  parallel 
with  the  gun  bore.  To  provide  for  ballistic  and 
other  fire>>tfontrol  corrections,  the  observer 
must  offset  the  line  of  sight  so  that  it  diverges 
from  the  gun  bore^  by  a  certajn  angle.  He  can 
judge  the  amount  of  offset  in  this  simple  sjght 
by  using  the  concentric  rings  and  spokes  of  the 
sight  instead  of  the  silt's  center  to  align  the 
line  of  sight  to  target.  Use  of  this  type  of  si^t 
is  restricted  to  targets  at  short  ranges  in 
emergencies  when  other  methods  are  not  avail- 
able. Effective-  use  of  the  sight  to  direct  gunfire 
requires  considerable  training,  and  at  best  it  I 
is  not  as  accurate  as  other  systems. 

•SIGHTS  WITH  FIXED  OPTICS  * 

For  longer  ranges  the  eye  needs  optical 
aid,  which  means  a  telescope.  Figure  13-2 
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SIGHT  MOUNT 


Figure  13-1,— Open  ring  sight. 
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shows  several  types  now  in  use  in  naval  arm- 
ament. The  optical  system  of  the  straight  tele- 
scope (A  in  .figure  13-2)  is  *quite  similar  to 
that  of  a  conventional  terrestrial  telescoi)e, 
except  that  it  includes  a  reticle— a  glassplate 
on  which  is  etched  a  pattern  of  two  lines  ait 
right  'angles,  one  vertical  and  one  horizontal. 
When  the  target  appears..,j€r  be  located  at  the 
Interseotnon  of  the  two  lines  (which  are  called 
CROSSHAIRS  or  CROSSWlREb,  although  they^re 
usually  made  of  neither  wire  nor  hair)  the 
telescope  is  on  the  line  of  sight  to  the  target, 

SIGHTS  WITH'  MOVEABLE  OPTICS 


with  the  gun.  Such  slide-mounted  sights  are 
'  found  on  gun  mounts  smaller  tlian  5-inCh,  But  in 
mounts  5-inch  andlarger,  the  sights  are  carriage- 
mounted;  Ujey  train  with  the  gun,  but  as  part  of 
the  mount  structure  they  cannot  elevate  and 
ctepress  with  it  (fig,  13-4),  A  way  to  solve  this 
problem  is  to  move  some  of  the  optical  parts  of 
the  sight'to  shift  the  line  of  si^tm^flection  and 
elevation,  without  n^oving  strutJUiral  parts,  Jn 
5-inch  mounts,  this  is  done  by  moving  prisms 
(fig,  13-2C).  The  shafts  to  the  prisms  are  opera- 
ted by  the  gun  elevating  ge^  andhandcrankat  the 
sightsetter's  indicator  regulator, 

SIGHTS  AND  RANGES 

As  you  know,  thq  caliber  of  a  naval  gun  is 
related  to  the  range  at>  which  it  is  designed  to 

most  useful.  The  big  ones  are  used  against 
targets  a  dozen  mile^  or  more  away;  the  light 
machine  gun  batteries  come  into  their  own  when 
the  target  gets  within  some  2500yards,  or  closer. 
And  60  on, 

^  .You  know  also  that,  by  and  large,  the  bigger 
guns  are  used  against  bigger,  slower  targets. 
Sinking  a  surface  target  (andif  it's  a  warship  it  can> 
withstand  a  lot  of  pounding)  requires  the  heavy 
punch  of  heavy  guns.  But  in  bringing  down  an.air 
target,  speed  is  the  thing,  A  Ught  gun  can  be 
brou^t  into  action  more  speedily  than  a_ heavy 
one,  ^d  can  shift  more  readily:^i2^^^^"target*s 
evasive'  maneutotf  s,  .^i^^  '^^  ''^^^ 
'  The  sights  (and  other  fire  control  gear)  used 
with  a  ship's  armament  must  pe  designed  in  view 
of  these  reqpiir^entSs— sr.:;:^-' '    "  ^ 

^cifiaj^^^Br^-^frrie  :<5ontrbl  equipment  for 
heELvy^^^manhnt  is  desig^d  primarily  for  hi^ 
accuracy  because  that's  the  main  requirement 
at  long  ranges.  To  obtain ^ch  accuracy,  the 
equipment  must  hav^e  powerful  optical  units  or 
long-range  radar. 


In  enclosed  mounts  where  some  arrangement 
roust  be  made  for  the  line  of  sight  to  get  through 
the  mount  shield,  and  in  mounts  where  (fig,  1 3- 2C) 
construction  doesn't  permit  Ideation  of  tejescopes 
where  the  pointer  Awi  trainer  can  ^se  tjie  straight 
type  conveniently  at  all  elevations,  you  findpris- 
m'iitic  telescopes,  A  prism  can  reflect  light  or 
••bend"  the  line  of  sight  (fig,  13-3)  as  required 
without  losing  accuracy.  Figure  1 3- 2B  illustrates 
a  telescope  with  two  prisms,  for^use  wliere  armo^^. 
prevents  installation  of  ^a  straight  telescpgfe0 

Sights  may  be  installed  on  a  gur^^BJltf^^W  that 
they  train  with  the  motlnt  and  elevate  or  depress 


Oplical^Rangefinders 

In  dual-purpose  battery  directors  (like  the 
Mk  37  or  Mk  68)  and  in  main  battery  directors, 
a  rangefinder  located  on  the  director  can  be 
,M5ed  for  determining  ranges  to  a  siwace  or 
Hand  target  when  radar  is  not  used,  ^  . 

The  rangefinder^  is  a  long  metal  tjbe  v£i*ih 
.eyepiepes^^t  its  center  and  a  window  neSWnMr 
^§^d»  Inside  the  tube  at^  lenses,  Rrlsms,  reticles, 
.and  other  optical  parts,  plus  precision 
mechanisms  for  moving  some  of  them.  Range- 
finders  are  shown  in  figures  13-5  and  18-6* 
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Figure  13-2,^  Three  typps  of  gunsigh^^elescopes. 
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Figure^  13-3.  —  Using  a  prism  to  Bfend  the  line 
of  si^t  in  a  telescope, 

A  recent  development  in  the  field  of  range- 
finders  Is  the  use  of  a  laser  beam  for 
determining  ranges.  Some  of  these  devices  are 
currently  in  use  in  the  fleet.  The  operation  of  the 
laser  beam  rangefinding  device  is  classified,  so 
will  not  be  explained  in  this  text, 

this  course  we  cannot  go  too  deeply  into 
the  complexities  of.  fire  control  rangefinders^, 
but  you  should  know  something  abcait  them,* 

Every  two-eyed  human  has  stereoscopic 
vision.  To  see  how  it  works,  try  this  little 
esiercise; 

Hold  an  arm  strai^t  out  horizontally.  Raise 
your  index  finger*  Now  move  the  finger 
toward  your  nose,  keeping  both  eyes  on 
the  time  the  finger  reaches  your  nose,  the 
of  si^t"  from  your  eyes  to  your  finger  converge 
sharply  (fig.  13-5A). 

Next,  look  at  some  object  200  yards  away,  , 
Now  *the  lines  of  sight  for  the  two  feyesare' 
practically  parallel,      «       \  I 

Obviously,  then,  the  ploser  the  object,  the 
greater  tne  convergence;  the  farther  away,  the" 
more  nearly  parallel  the  lines  of  sight  become. 

Measuring,  the  convergence  of  the  liniss  of  ; 
sight  actually   provides  a  means  of  measuring  • 
range.  But  the  distance  betweeri  your  two  jej^s  ' 
Is  small,  and  it's  difficult  to  get  the  swivelingpf 
yauaf  eyeballs  to  register  on  a  dial  where  it  woiud 


slowly 
it.  By 
••Unes 


be  easy  to  measure.  So  the  optical  system  of  a 
rangefinder  in  effect  separates  tiie  rangefinder 
operator's  eyes  (fig,  13-5B)  by  a  distance  equal 
to  that  between  the  rangefinder' s  ^nd  windows. 
When  the  optical  parts  in  the  instrument  are  moved 
to  get  its  lines  of  sight  to  converge  on  the  target, 
the  amount  of  movement  registers  on  a  dial 
calibrated  in  yards  of  range.  The  "rangefinder 
also  magnifies,  like  a  telescope  — but  with  a 
super  3-D  effect. 

In  the  stereoscopic  rangefinder,  the  reticle 
pattern  is  composed  of  ranging  marks  (fig,  13- 
6A)  apparently  floating  in  space  at  various 
distances.  In  operating  the  rangefinder,  the  ob- 
server turas  a  kqob,  until  the  large  diamond  at 
the  center  of  tiie  pattern  seems  to  be  superimposed 
upon,  and  at  the  same  distance  as,  the  target 
(fig,  13-6B).  Then  the  range  can  be  read  directly 
of  a  dial  in  the  rangefinder.  (The  smaller 
diamonds  in  the  pattern,  which  seem  to  float  in, 
space  at  different  ranges,  are  used  in  spotting^. 

Fire  control  equipment  for  machine  gun 
batteries  is  designed  primarily  to  provide  rapid 
solutions  to  the  fire  control  problem.  The  optical 
systems  need  not  give  powerful  magnification  but, 
because  of  the  rapid  movement  of  nearby  air 
targets  across  the  line  of  sight,  they  must 
give  wide-angle  vision,  the  radar  must  be 
suited  to  close  ranges. 


Sights  For  Larger  Guns  .    '  * 

In  larger  and  longer  ranges  weapons,  a  rapid 
solution  Jo  the  fire  control  problem  is  still 
'necessary  (a  slow  solution  is  never  an  advantage, 
more  time  allows  a  more  exact  solution)., Ap- 
proximations that   aren*t  a  major  disadvantage 
with   lead-computing   si^ts,   however,  cause 
serious  inaccuracies  at  longer  ranges.  Because 
accuracy  is  the  primary  requirement,  a  more 
ex^ct  FC  system  is  necessary.  Computing  ^ghts, 
therefore,  are  not  used;  the  sights  provided 
merely  function  to,  precisely  offset  the  axis  of 
ithe  ^bore,  from  the  line  of  si^t.  Under  normal 
conditions,  target  location  (elevation,  bearing, 
and  range)  is  determined,  by  a  remotely  located ' 
station.  The  fire  control  problem  itself  is  solvecj 
.elsewhere,  and  the  gun  is  positioned  in  elevation 
and  train  by  power-driven  units  under  the  control 
of  signals  transmitted  from  the  point  where 
the  fir^  control  problem  Is  solved. 

Well,  then,  why  have  sights  in  gun  mounts 
at  all? 
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TRAINER'S  TELESCOPE 


CHECKER'S 
TELESCOPE 


DEFLECTION  CROSS  SHAFT    SIGHT  ANGLE  CROSS  SHAFT 


OIFFERENTIAL^HOUSING 


84.20^ 


Figure  13-4.— Carriage-mounted  sights. 


There  are  two  main  rea^ns.  One  is  that 
the  gun  mount  may  not  always  be  controlled  in 
the  manner  described  above  because  of  real  or 
simulated  casualty*  Another  is- that  watching 
{he  target  .through  the  sights  permits  a  check 
on  the  accuracy  and  performance  of  the  remote- 
control  system. 

Figure  13-7  shows  how  the  sights  and  sight . 
setting  equipment  are  used  in  one  method  of 
local  control. 

The  pointer  and  trainer  are  using  their  hand- 
wheels  .  to  keep  tiie  target  centered  in  their 
telescopes.  The  fire  control  system  computes 
sight  angle  and  deflection  which  are  transmitted, 
electrically,,  to  the  dials  at  the  sight  setter's 
regulator.  As  he  cranks  in  this  information  (by 
manually  matching  his  dials)  gearing  moves  the 
pnsms  in  the  telescopes.  The  pointer  and  trainer 


see  this  movement  as  a  shift  in  target  position. 
As  they  turn  their  handwheels  to  get  back  on 
target,  tKe  axis  of  the  gun  bore  is  offset  from 
the  line  of  sight  by  the  computed  sight  angle 
and  deflection. 

Anotherrform  of  local  control  which  utilizes 
the  telescopes  within  the  gun  monntwase^qplained 
in  chapter  12  under  local  control  spotting.  ^ 

Sight  angle  and  deflection  are  also  sent  to 
the  sight  setter's  regulator  even  when  the  mount 
is  in  full  automatic  control.  In  this  case,  by 
keeping  his  dials  matched,  the  sight  setter  re- 
turns the  optics  from  the  line  of  fJre  Imck  to 
the  target.  This  enables  the  check  sight  observer 
to  see  the  target  area  through  his  telescope.  He 
functions  as  a  safety  observer,  and 'can  act  to 
stop  fire  in  the  event  that  the  gun's  fire  repre- 
sents a  hazard  to  friendly  forces. 
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B 

:     -  ,  55.289 
Figure         — Principle  of  the  optical 
rangefinder, 

.  So  far  in  this  chapter  we  have  discussed 
'  some  of  the  fire  control  instruments  that  e^nploy 
ppQcs.  In  the  next  section  we  explain  soixie  of 
the  equipment  that  make  up  a  gun  fire  contiil 
system.  We  first  explain  centralized  fireconti^l, 
bow  it  started,  and  why  it  is  necessary. 

/     CENTRALIZED  FIRE  CONTROL 

The  guns  on  ^e  Navy's  big  ships  have  no 
monopoly  on  fire  control.  The  operator  of  any 
weapon  that  throws  a  missile,  whether  ashore, 
afloat,  or  aloft,  uses  some  kind  of  fire  control 
technique.  But  in  the  Navy,  some  aspects  of 
fire  control  have  always  been  under  centralized 
control  rather  than  under  the  control  of  the 
gun  crew.  Even  a  Jiundred  and, fifty  years' ago, 
when  our  .Navy  *was  new  and  gunnery  was  prim- 
itiva  and  limited  to  very  short  ran^s,  .ships 

( 


mounting  sizable  batteries  ordinarily  fired  tiiem 
in  salvo,  at  the  order  of  some  officer  standing 
at  a  point  of  vantage— in  the  rigging,  for  example. 
And  as  time  iias  passed  and  ordnance  equipment 
and  fire  control  techniques  have  improved,  the 
trend  to  centralized  control  has  continued  so 
that, now  not  only  firing  but  also  the  positioning 
of  weapons  is  controlled  from  a  central  point. 
Yet,  this  trend  has  not  eliminated  control  of 
firing  and  gun-laying  at  the  mount  (local control), 
although  this  procedure  is  now  only  a  secondaiy 
method.  Wliat  advantage  is  there  in  centralized 
control  of  a  warship^s  guns?  What's  wrong  with 
.letting  each  gun  crew  lay  and  fire  its  gun 
independently  in  local  control? 

There  are  several  disadvantages  to  local 
control.  The  smoke  of  their  own  firing,  to  say 
nothing  of  spray  and  mist  and  their  position 
close  to  the  surface  of  the  water,  make  it 
difficult  for  the  pointer  and  trainer  of  the  gun 
mount  to  see  the  target.  Each  gun  crew  has  to 
make  its  own  estimates  of  range,  drift,  wind, 
target  course  and  speed,  and  so  on.  Some  may 
do  this  well,  but  not  necessarily  all.  Some  may 
even  fail  to  identify  the  enemy,  and  select  tlie 
wrong  target.  Besidps,  if  a  number  of  .other 
weapons  are  also  firing  at  their  target,mow  can 
gun  crews  know  if  their  own  shots  ar^  hits^  or  * 
if  .they're  close,  or  how  much  or  in  which 
direction  to  apply  correction? 

Compare  tiiis  with  centralized  confroU  which 
eliminates  all  or  most  of  these  troubles.  The 
central  control  point  is  hi^  in  the  ship's  struc- 
ture,  and  has  the  maximum  visibility.  Its  equip- 
ment for  identifying  and  determining  the  location 
and  movement  of  the  enemy  is  more  efficient 
and  specialized  than  what  you  could  install  in 
a  gun  mount,  and  it  is  marfhed  by  e^qperts  in 
the.  prcper  techniques.  The  gjAs  of  each  battery 
or  mount  or  turret  can  be  fired  all  at  once  in 
SALVO,  so  that  the  splashes  of  the  projectiles 
as  they  Mt  tte  surface  of  the  water  form  a 
pattern  {figyi3-8).  If  the  target  is  not  in  the 
pattern,  tiie  guns  can  be  shifted  for  more  ac- 
curate laying.  In  the  gun  crew,  you  can  dp  most 
of  these  thfiigs  too— ^md  in  local  control  you 
MUST  know  bow  -to  do  them— but  centralized 
control  makes  it  possible  to  do  them  far  more 
efficiently,  as^  you  will  see. 

Let's  now  examine  more  closely  the  tech- 
niques and  ^equipment  used  in  centralized  fire 
cgntrol.  Because  it's  simpler,  let's  begin  with 
remote  control  of  firing. 
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Figure  13-6^— Stereoscopic  rangefinder- A.  Reticlp  pattern.  B.  Measuring  range. 
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ELECTRtCALLY- 
TRANSMITTEO 
SIGHT  SETTINGS 


DIFFERENTIAL 


^S^GH-f 


^hgle^ 


GUN  ELEVATION 
(FROM  ELEVATING  GEAR)  . 


^(OH  CARRIAGE-^ 
MOUNTED 
SIGHTS  9NLY ) 


Figure  13-7,—  Functioning  of  sighting  equipment  on  a  typical  gun  mount  (3-lnche; 


'84.21ia 
s  or  larger).  . 


GUNFIRE  BY  REMOTE  CONTROL 


In  the  antique  kind  of  *«fire  control,"  an 
officer  gave  a  firing  signal,  but  each  gun  was 
fired  by  a  member  of  its  own  crew.  Even  with 
today*s  advanced  remote  control  techniques  (ex- 
cept in  the  5*V54  Mk  45  mount),  a  mount  or 
turret  crew  member  (norrhally  the  pointer)  still 
has  a  part  to  play.  If  fire  is  remotely  controlled, 
he  close.s  a  firing  key  which  is  in  the  fiting 
circuit.  The  actiial  firing  impulse  originates 
elsewhere,  but  it  cannot  reach  his  mount  or  gun 
unless  he  closes  his  key.  If  firing  is  in  local 
control,  his  firing  key  actually  does  control 
fire.  So  bear  in  mind,  as  we  discuss  rSmote 
contrpl'  firing,  that  there  is  alNvays  some  crew 
member  at  the  mount  or  turret  who  must  keep 
his  part  of  the  firing  circuit  closed  in  order 
for  the  guns  to  fire. 


But  let's  get  back  to  how  remote  control  of 
fire  developed.  In  the  old  days,  on  small  ships . 
with  ^latively  few  guns, .  gunners  often  could 
hear  their  officer  shout,  "Fire,"  or  at  least  see 
him  give  the  signal  with  his  .cutlass;  but  some- 
times they  could  not,.  On  bigger  ships,  where 
the  command  to  fire  in  salvo  was  relayed  down 
the  line,  exact  synchronization  of  salvos  was 
impossible. 

When  effective  ranges  were  relatively  short, 
inaccurate  fire  was  relatively  easy  to  correct, 
and  this  failure  of  all  guns  to  fire  in  exact 
synchronism  was  not  serious.  But  as* ranges 
increased  andiftre  control  instruments  became 
more .  precise,  ragged  salvos  made  it  hard  to, 
determine  how  well  the  splash  pattern  approached 
the  tar'get,  bedause  they  were  nbt  all  visible  at 
the  same  time.  What  was  needed  was  a  signal 
that  could  be  transmitted  to  the  whole  battery 
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Figure  IS^S,— Pattern  of  a  salvo  about  a  target. 


at  once,  so  that  the  whole  •  battery  could  fire 
simultaneously,  the  human  voice  and  the  waving 
cutlass  were  no  longer^enough. 

Electricity  provided  the  answer.  First  it  was 
buzzer  fire*  With  a  buzzer  at  each  gun  mount, 
closing  a  ^circuit  at  a  central  point  caused  all 
the  buzzers  to  souad^t  once,  and  all  guns  could 
•be  fired  by  a  single}  si^tH^ 

Yet  this  was  tot  thellUUTTliiiJ^M^AS  you 
know,  most  guns  or^  old  days  were^ired  by 
igniting  a  powder  train  which  led  into  the  pro- 
pelling charge  in  the  breech.  A  little  later, 
firing  was  done  by  a  percussion  mechanism  to 

-Ignite  the  powder  train.  Either  way,  there  was 
some  delay  and  variation  In  the  actual  Instant 
,of  firfng.  Besides,  there  were  the  delay  and 
vcu^iation  in  reaction  time  of  individual  membeiis 
of  the  gun  crews.  Buzzers  improved  matters, 
but  these  difficulties  persisted.  That  Is  why, 

^though  the  buzzer  type  salvo  signal  is  stijl 
used,  it's  a  secondary  method. 

The  primary  method  of  firing  by  remote 
control  is  tQ  close  a  circuit  which  itself  sets 
off  the  propelling  charge.  This  is  master  key 
fire.  In  master  key  fire,  when  the  guns  in  a 
mount  are  re^dy  to  fire,  the  mount  pointer  closes 


his  firing  key..  When  the  firit^|keys  in  all 
mqbnts  are  closed  and  the  propeg|noment  ar- 
rives, the  master  key  is  closed^d  all  guns 
^ire  at  once. 


GUN  LAYING  BY  REMOTBCONl 

Remote  control  of  gunfire, 
IS,  IS  not  the  fln^il  word  in  cent! 
of  armament.  For  maximum  eff( 
laymg  mupt  be  remotely  cont; 
steps  in  the  process  are  as  folio 


ML 

§ 

5^Juable  as  it 
glazed  control 
Sftveness,  gun 
"  ied  too;  The 


^pbn  and  move- 
Inf^Tiation  to  *a 


mu^t 


1.  ijetemnination  of  target ; 
ment.  * 

2^  Transmission  of  this 
computer,  whidh  works  out  how*| 
be  layed  for  hits  on  the  target. 

3.  Transmission  of  gun  lajr^lJ  information 
(Oalled  gun  orders)' to  the  gun  mo^ts. 

4.  Control  of  the  gun  mount&|t^  lay  the  guns 
in  accordance  with  the  gun  oiSfers  from  the 
computer.  -jC 

5.  Correction  of  gun  positlon^n  the  basis- <ff 
observed  effects  of  fire,  (spotting^? 


Chapter  12      iRE  CONTROL  INSTRUMENTS  AND  TECHNIQUES 


TYPES  .vND  METHOD^  OF  GVNHRE 

The  filing  iLi|Ailst-  can  to  tbt?.  guns  in 
the  mount  or  thi^  i^attuiv  m  a  aui.a-'vi  oi  different 
\va>s.  vVc  i^aii  if;oogni7^  bevcral.  i^.cthoa.^  of  fire, 
or  ways  in  vvhioh*-  the  firing  signal  or  impulse 
gets  to  the  guhb.  In  puin'tcL  fiie/it'h  done  by 
the  pointer  at  the  gun  itself,  generally  by  closing 
a  key  that  sends  an  electric  current^  into  the 
gunfiririg  cii^uit  (electiical  fmng),  or  by  step- 
ping on  a  £>bd<il  that  operates  u  imng  pin  m 
the  gun  (percu&bion  filing). 

Ma^^tei  kJv  liring  is  hanJloU  iioui  a  control 
statipri  at  sui.it^  distance  fioiii  the  gun  fired, 
either  by  ^onkt^i/udy  uiieiaUag  a  ke>  or  button, 
or  autoii.rtUi^allv  )j>  a  lueoliaiUfein  that  closes 
the  filing  circuit  vvln^uevei  the  slup,  us  it  rolls 
ahd  pitches,,  reaches  a  cerla'in  angte. 

We  also  recognize  several  tj^pes  of  fire- (the 
^ay  in  ivhich  tlie  firing  oi  one  or  a  nuniter  of 
guns  is  arraiiged). 

A  salvo  is  the  firing  of  one  or  more- guns 
siniultaneously  on  tlie  sanuu  ^i^^iicil,  at  the  same 
target.  Salvos  are  normally  fired  at  regular 
intervals,  spaced  so  as  to  ptn  tmt  reloading  and 
(where  rtecets&ary),  relaying  the  guns.  Salvos 
may  *^je  fired  b>  entire  butteries*,  by  individual 
mounts  Or  turrets.  ' 

To  cunoCiVe  aramunrtrori,  reduce  the  intervals 
between  salvos,  or  speed  up  the  process  of  spot- 
ting, partial  solvos  or  split  saWos  riiU>  Ixj  fired. 

The  i>plit  salvo  rs  liring  tevver  ttian  the  full 
nuntljer  of  guns  in  a  mount  or  turret,  Thr'ee 
turrets  niay  participate  in  a  split  sj^vo,  for 
3xarriple»  if  only  one  gun  in  eaoh  turret  fires.  In 
:he  partial  sulvo,  ,all  the  giins  in  a  turret  or 
:tiount  fire  at  once,  but  not  all  the  turrets  or 
nounts  in  the  battery  par'ticipate  (for  example,  . 
vhen  No.  1  turret  of  a  3-turiet  battery  fires  all 
)f  itt>  guiA&,  ^liile  the  rebt  of  the  battci>  remarns 
silent)-.   .        ^  ' 

ii'atterios  do  not  ahvava  have  to  fire  ui  salvo, 
continuous  iue,  each  gun  in  action  fires 
ndivi dually  v,h«^n  ready,  loganJIcss  of  whether 
►ther  guns  arc  ready. 

There  are  other  types  ot  ^un  fire  such  as 
low  frrc,  rapid  fire  etc.  Thc^e  methods  were 
xplaincd  in  uhapter  12. 

Gl  N  1  I  UK  CONTROL  S\bTHMb 

The  techniques  used  to  ^olve  the  gun  fire  , 
ontrol  prpblem^bj'  a  specific  fii'e  control  system 
specialized  within  certain  limit:,  dis^tatcd  by 
he'"prim^*3{  use  of  that  systenu  Inhere  are  three 
road  classes,  of  gun  fire,  control  systems: 


.  !•  Surface  systems,  used  against  either  sur- 
face targets  (ships)  or  shore  targets. 

2.  Dual-purpose  systems,  used  against  either 
surface  targets,  shore  based  targets  or  AA  tar- 
gets (aircraft). 

3.  Antiaircraft  (AA)  system,  used  against  AA 
targets  only. 

A  surface  gun  fire  control  system,  which  is 
designed  primarily  for  surface  fire  or  shore" 
bombardment,  could  be  used  against  aircraft  that 
are  within  the  elevation  limits  of  the  turret  guns, 
but  such  action  reqpaires  corrections  or  inter- 
connections with  a  dual-purpose  fire  control 
system  to  obtain  additional  target  elevation  cor- 
rections which  are  not  necessary  for  the  system's 
normal  operation.  ^  ^  ^  - 


TYPES  OF  FIRE  CONTROL 

A  ship's  weapon  system  can  be  operated  in 
several  different  ways  by  employing  specific 
fire  Control  equipment  for  each  type  of  gunfire 
necessary  to  damage  o^  destroy  an  enemy  target.. 
This- flexibility  permits  gunfire  to  be  maintained 
in  the  event  of  a  casualty  and  also  makes  it 
possible  for  one  battery  to  fire  simultaneously 
at  different  types  of  targets. 

The  different  types  of  fire  control  are  dis- 
tinguished by  the  source  afliil*transmission  route 
of  the  gun  orders  and  are  classified  as  to  type 
by  the  system  they  employ.  For  each  type  of 
fire  conti^ol  the  ship's  weapo.n  doctrine  specifies  ' 
the  fire  control  instruments  to  be  employed.  Types 
of  control  are  listed  as  follows: 

'  *  1.  Primary  fire  control  prescribes  the  utili- 
zation of  the  principal  system.  This  is  the  system 
provided  to  control  before  diimage  occurs  to  this 
system.  .  ' 

2.  Secbjidary  fire  control  prescribes  the, utili- 
zation of  an  alternate  system  to  ^ve  greater 
flexibility  of  control. 

3.  Auxiliary  fire  control  prescribes  the  utili- 
sation of  a  system  provided  solely  to  substitute 
for  a  primary  systeih  in  case  of  damage.  . 

4.  Local  fire  control  provides  for  the  cbntrol 
of  a  single  gun  mount  or  turret  from  a  local 
station  in  or  adjacent  to  the  mount  or  turret. 

In  primary,  xsecondary,  and  auxiliary  fire  con- 
trol, mounts  and  turrets  can  be  .operated  in  the 
automatic  mode  of  operation  whereas  in  local 
'Control  all  gun  laying  must  be  accomplished  - 
individually. 
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•  In  any  fire  control  system*  detecting  a  target 
is  the  start  of  the  fire  centred  problem.  In  the 
next  section  we  discuss  fire  control  techniques 
and  introduce  various  fire  control  equipment 
and  explain  their  functions.  The  first  step  is 
detection.  . 

t 

SEARCH  RADAR  AND  IFF 

Aboard  ship,  radar  equipment  has  two  general 
applications^for  -search  and  for  fire  Control. , 
Search  radar  displays  are  centere(^n  ^f^h 
Although  we  are  primarily  concerngjj^^eh  fire 
control  radar,  you  must  understand  the  target 
detection  and  acquisition  process  in  Order  to  know 
something  about  ^arch  radar.  The  three  types 
most  commonly  used  in  surface  ships  are  air 
search,  height-finding  search,  and  surface  search. 

An  air  search  radar »s  primary  functiqn  is 
warning  of  the  presence  of  aircraft  at  extreme 
ranges.  It  is  called  a  two-coordinate  radar  since 
it  measures- only  range  and  bearipg. 

Height-finding  radars  are  three-coordinate 
radars.  They  are  capable  of  discriminating 
between  targets  that  are  close  together,  and  they 
are  capable  of  measuring  range,  bearing,  a^id 
altitude.  The  altitude  quantity  is  converted  in  the 
weapon  direction  system  to  an  angle  of  elevation 
for  use  in  directing  fire  control  directors  to  the 
target.  Three-coordinate  radars  eliminate  the 
need  for  large  sector  searching  in  elevation  by  the 
fire  control  directors,  thereby  decreasing  their 
target  acquisition  time. 

Surface  search  radars  measure  the  range  and 
bearlhg  of  surface  contacts  to  assist  in  navigating 
tlfe  ship  or  to  send  sUrface  target  information  to 
the  weapon  direction  system.  They  are  also 
effective  in  detecting  low  flying  aircraft  since 
their  radar  energy  is  concentrated  at  low  angles 
of  elevation.  In  search  radar  units,  any  target 
smaller  than  a  geographical  feature  has  no 
discernible  shape.  On  a  radar  scope  the  target 
presentation  is  in  the  form  of  a  blip,  not  a  true 
picture.  This  isespecially  true  of  aircraft  targets. 
When  aircraft  come  within*  search  radar  range, 

.  there  is  nothing:  in  the  blips  to  indicate  whether 
they  are  friendly  or  enemy.  To  deal  with  this 
problem  we  have  a, system  called  Identification 

'  Friend  or  Foe  (IFF).  The  IFF  equipment  aboa;rd 
ship  functions  ii;  conjunction  with^a  search  radar, 
but  the  IFF  system  also  includes  equipment 
aboai'd  the  aircraft.  The  radar  beaiji  from  the 
interrogating  ship  "triggers'*  automatically  the 
IFF  equipment  on  the  friendly  target.  The  latter 
then  transmits  a  coded  signal  which  shows  up  on 


the  interrogating 'ship.  The  interrogating  ship  and 
the  target  must  carry  matching  IFF  equipment.,^ 
For  security,  we  use  coded  sign^s; 

FIRE  CONTROL  DIRECTOR 

Remote  contro}  of  gun  laying  begins,  a*s  we- 
.have  seen,  with  locating  the  tayget  and  deterniining/ 
the  rate  and  direction  of  its  movement.  In  the 
preceding  chapter  you  learned  that  target  position 
is  determined  in  terms  6f  range,  target  bearing^, 
and  (for  air  targets)  target  elevation.  Similarly, 
target  movement  is  determined  in  t^rms  of  the 
rate  of  change  of  these  three  kinds  of  information. 

In  the  modern  fire  control  system  the  function 
of  determining  target  location  and  movement  is 
performed  by  a  director.  For  the  moment,  you 
\yon't  be  too  far  off  base  if  you  think  of  a  director 
as  a  "gun  sight  without  gun''  whose  position  in 
train  and  elevation  with  respect  to  the  ship  can 
be  accurately  determined.  When  it«s  on  the  target, 
it  establishes  the  line  of  sight  to  the  target. 
The  director  also  is fittedwitht^ransmitters  which 
can  convey  signals  corresponding  to  its  position 
to  the  other  parf^  of  the  fire  control  system. 

Those  are  tl^e  essentials  of  the  director.  All 
directors  have  th^m.  The  gun  fire  control  direc- 
tor is  designed  to  control  turrets  used  against 
surface  targets  and  dual  purpose  guns  used 
against  either  ait  or  surface  targets.  It's  primary 
function  is  to  determine  target  position  in  terms 
of: 


1.  Director  Train  (B*  r).  The  angle  between 
the  fore-and-aft  axis  and '  the  \^rtical  plane 
containing  the  line  of  sight,  measured  in  the 
deck  plane,  clockwise  from  the  bow.  ' 

2.  Director  Elevation  (EJ^.  The  elevation  of 
the  director's  line  of  sight  above  the  reference 
plane,  measured  in  the  vertical  plane  containing 
the  line  of  sight.  ^  ^ 

3.  Present  Range  (R).  The  distance  of  th 
target  from  own  ship,  measured  in  the  line  of 
Sight. 

Briefly,  the  director's  secondary  function  is 
to  be  the  control  station  for  the  entire  fire 

^  control  system.  Normally,  all  units  operate  by 
remote  control  from  the  director.  As  long  as 
the  problem  is  being  solved  correctly,  6nly  the 
gun-loading  crews  have  work  to  do.  When  changes 
in  the  problem  setup  are.  necessary,  the  director 

'  crew  can  accomplish  them  by  remote  control.* 
To  control  the  entire  system,  th^  director  is 

-    equipped  to; 
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a.  Spot  service  projectile  fire  , 

b.  Spot  illuminating  pr63ectUe(star-sheU)  fire 

c.  Ct)rrect  coir^ter  calculations,' 

NOTE:  The  fire-control  symbols  used  in  this 
chapter  are  meaningful  symbols  in  the 

fire  control  world.  Refer  tp  OP  1700. 

Standard  Pire  Coiitrol  Symbols  for  an* 

e5q)lanation  of  the  symbols  used  in 

fire  control* 

Directpr  Radar 

\  The^^rector  radar  is  ttie  eye  of  the  gun  fire 
control  system.  It  can  searchfdr,  detect,  acquire, 
and  track  a  target.  It  receives  target  designation 
data  ^from  the  weapon  direction  equipment  and 
uses  this  infopmajion  to  acquire  and  track  ^ 
delimited  target.  Xlje  radar  set  tracks  the  tarpt 
to  S01V9  the  guh  fire  control  problem.  Director 
radar  can  operate  as  a  search  radar  if  circum- 
stances require.  Weapons  direction  equipment 
receive  thei^r  information  from  search  radar. 
Search  radar  displays  ^^e  centered  in  combat 
informatipn  center  (CI€).  ' 

STABLE  ELEMENT  ' 

'i^  chapter^  i2  we  disbussed  the  effects  of  roll 
•and  -pitch  on  the  fire  control  problem.  Let  us 
briefly  review  the  subject  before-  going  op  to 
discuss  the  instrument  that*compensates  for  roll 

and  pitch.  ^^'l^.^r,^ 
Look  at  figure  12-18.  you  see  a  ship  upo!T  the. 
sea:  it  pitches  and  rolls  in  a  coniplexmotion  with 
the  surface  movement  of^  the  water.  If  you 
consider  these  movements  as  related  to  the  line 
of  sight  of  a  directdH  you  can  divide  them  into 
two  components,  level  and  crossleveK  Level 
is  that  line  in 'the  same  direction  as  the.  line 
of  sight,  crosslevel  is  that  Une  W  .right  angles 
to.or  across  the  line  of  sight.      •  *  . 

In  all  fOur  previous  discussions,  we  generally 
have  neglected  these  continuous  changes  in  level 
and  crosslevel.  At. short  ranges  and  with  fast- 
moving  targets  like  aircraft,,  they  are^latively 
unimportant,  which  is  wKy  they  can  be  neglected. 
But  in  the  Mk  37  system  and  others  that  deal  with 
longer  ranges,  they  mustt)e  taken  .into. account. 

It's  impossible  to  stop  the  movements  of  the 
sea.  It's  •aot  practical  to  stabilize  a  warship's 
,  hXUl  so  that  it  won't  pitch  and  rpU.  But  we  can 
eet  the  fire  control  system « to  deal  ^  with  the 
problem  by  adding  level  and.  Crosslevel  ipove- 
ments  as  corrections  to  the  solution  of  the  proljr 
lem.  First,  the  exac^^ount  of  these  changes 


with  respect  to  the  horizontal  m^t  be  determined.* 
Two  ways  have  been  Used  to^l^termine-  theni. 

One  is  to  sight -on  the-hplf^zon.  A  Sine  of 
sight  to  the  horizon  is  d^jpres^d  very  .slight^  . 
below  a  true  horizontal  .^planej  The  amount  of 
depression  depends  on  the  heigbj.of  the^ observer 
above  the  water,  and  is  knowiifwitti  great  pre- 
cision, so  the  correction  needecl  to  put  the  Une 
of  sight  into  a  horizontal  plane  is  easy  to  add* 
In  tiie  Mko34.  director  there  is  a  Special  telescope 
fo:r  sighting  on  the .  horizon  for  the  crosslevel 
correction. 

But  sighting  on  the  horizorf  is  a  secondary 
method  for  determining  a  horizontal  plane.  Th^ 
primary  one  is  to  utee  a  gyroscopic  device  — 
the  stable  element.  (BJain-battexy  fire  control 
systems  use*  a  stable  vertical,  which  is  similar 
in  principle  but  different  in  detsiff.  In  ttie  stable 
el^ent.  the  gyro  remains  erect  to  define  the 
vertical  (an(J  hence  the  horizontal)  plane,  and  thfe  ' 
ievel  and  crosslevel  angles  are  "picked  off", 
from  it  by  electroma^etia  units.  Of  course,  the 
level  .and  crosslevel  ang^^fe  are  measured  with 
'  respect  .to  k  line  of  si^t  on  a  specific  bearing, 
so  target  bearing  is  an  input  to  the  stable  element, 
and  its  outputs  are  level  and  crosslevel.  ^ 

,  Ditector  optics '  and  radar  antenna  are 
stebilized  both  in  level  (L)  and  crosslevel  (Zd). 
Crosslevel  stabiUzation  is  done  by  a  servo- 
controlled'  crosslevel  synchro  .signal,  received 
directly  from  the  stable  element  (fig.  13-9). 
A  crosslevel  drive  rotates  the  telescope,  thQ 
•*whole  rangefinder,  and  the  radar  antenna  a^Xiut  . 
the  line  of  sight  by  Zd. 'Thus,  the  telescope 
crosshairs, .  th^  rangefinder.  and  me  radar  an- 
tenna are  kept"  horizontal  so  that  director  ele- 
vation is  measured  in  the  vertical  plane«». 

There  are  two  general  methods  .of  using  the 
level  and  Crosslevel  angle  values.  With  .the  synchro 
system,,  these  values  can  be  used  to" keep  the* 
guns  fayed  continuously  to  land  shots  pn  targe^^ 
^(for  continuous  fire).  The  ship,  may  roll,  pitch* 
yawj  and  weave  aroui\d  but  the  guns  will  remain 
fixed  in  their  attitude,  except  to  allow  for  move- 
ment of  the  target,  and  can  be  fired  at  any  time. 

Or,  when  roll  and  pitch  are  extremely  heavy, 
making  it  difficult  especially  for  the  larger  guns  > 
to  stay  on  target,  a  'certain  selected  value  of  level 
•  or  crosslevel  is  cranks  into  th9  stable  element. 
The  gu^are  fired  automati9ally  by  the  stable 
element  or  the.  leveler  ih  the  director  when,  is 
'  the  ship  rollS'Or  pitches,  the  actual  gun  elevation 
momentarily  agrees  with  the  selected  value  ^ 
(selected  level  fire  or  selected'crossleVel  fire).- 

Th^table  element  is  a  vitaj  adjunct  of  the 
.  compj^c".  In  most  gun  fire  contl^ol  sy;5tems  these  * 
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STAtlttZAIION  or  LOi  SIlPi  fkCVA^TIOM  AXES  Of  OIIECTO«  Of  TICf  AHO 
•  AOAft  ANTf  NNA  IN  TMt  NOIIZONTAL  PLAME. 


■  55.243(110A) 
•"igiire  13-9.  —  CrosslevQl  stabilization, 

two  iAiits  iel>  on  nieohaxiical  connGotions  only 
(fig.  I3-IO).  *iMo&t  othei  unit&  of  a  fire  contiol 
&>&tbi]k  linked b>  el&utiioalUaii&nii^sion lines 
or  synchros^ 

THlE  COMPUTER 

Hiuch  about  tlie 


53.105 

Figure  13-10.— Mk  37  fire  control  system:,^ 
Stable  element  and  computer.  ^ 

1.  Control  positioning  of  turrets  and 
purpose^guns  and  transmit  fuze  settings  an^gun 
sight  information  for  either  surface  or  A^^fire. 

2.  Aid  the  director  crew  in  keeping  the  LOS 
on  target.   -     ^  , 

3.  Permits  the  star  shell  computer,  an  ,inde- 
hd^nT accessory,  part  of  a diTaF^ptrrpose battei^y 

be   set  continuously  for  illultninatidn  of  "a  / 
surface  target  while  firing  other  mounts  the 
target. 


Actually,    we   cannot  say 
woxlvingb  of  a  oOiiiputex,  it  is  boyond  the  scope  of 
t'his  course.  Think  of  it^as  c&big  box  (fig.  13-10) 

wAth  a  series  of"snial\  'unde*  control  of  the  main  computer  for  des true- 
ide.  Some*com-    tive  flre^     '      .  . 


-^Vith  star  shell  computer,  it  is  possible  to 
direct  one  mount  for  maximum  effectiveness  in 
firing  illuminating  projectiles  (star  fehells)/Star 
shells  must  be  aimed,  and  time  fuzed^to  burst 
above  and  beyond  a  Surface  target' as  shown  in 
figure  13-11.  This  type  of  illumination  silhouettes 
the  target  so  that  the  director  control  officer  can 
identify  it'  and  spot  destructive  fire.  This  computer 
makes  such  fii:e  possible  6y  controlling  some 
mounts  for  illumination  purposes  and  others 


with  dials  'arid  cranks  witn  a 
mechanical  addinjg,  machines  inside 
puters  operate  from  electronic  components;  the 
type  shown  in  figure  13-10  is  classified  as  an 
electromechanical  computer  and  is  used  in  the 
Mk  37  fire 'control- systen).  From  certain  Input 
.information  the  coniputer  coriiputes  a  continuous 
solution  to  the  lire  control  probleni,andfujictions 


DATA.FLOW 


To  help  you  visualtee.the  system  In  operatlorf, 
-look  at  figure  J.3-12,^hlch  Shows  y<Ju  the  flow 
of  all  dat^emd  positioning  orders. 
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Figure  13-11,— Star  shell  shoot. 
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Figure  13-12.— Data  flow  in  Mk  37  system. 


ThQ  computer  is'  at  jthe  heart  of  the  system. 
From  the  director,  target  elevation,  target  bear- 
ing, and  rangQ  and  spotting  data  (corrections 
based  on  'qjiservation  of  gunfire)  go;  into  the 
computer.  The  electromagnetic  log  and  gyro- 
compass supply  own  ship  course  and  speed.  Sonae 

ERIC     ;  **    ; . 


factors,  like  target  course  and  speed;  may  be 
telephoned  from  the  director,  and  cranked  into 
the  computer  by  its  crew.  Other  factors  cranked 
in  are  wind. data  and  initial  velocity  (I.V.).  At 
the  ri^t  of  the  computer  you  see  its  output  to 
the  gun  mount:  gun  orders  (elevation  and  train),' 
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fuze '  setting,  sight  setting,  and  unit  director 
train  into  the  stable  element,  which  determines 
level  and  crosslevel  angle,  sending  these  values 
back  to  the  computer. 

'  Nbfe  also  the  line  from  computer  to  director, 
labeled  GENERATED  RATES. These  rates  include 
generated  elevation,  geners^ted  train,  and  gen- 
erated range.  ••Generated"  means  that  the  com- 
puter has  worked  thes^  valu|js  out,  as  against 
••observed**  values,  which  what  the  director 
crew  actually  read  off  ^leir  dials.  What  is  meant 
here  is  simply  that  the  computer,  Having  worked 
out  a  solution  to  the  fire  control  problem,  sends 
it  aloft  to  drive  the  director.  If  the  solution  is 
correct,  the  director  traclcs  the  target  on  its 
own,  and  its  crew  does  not  have  to  crank  it  unless 
it  goes  off  target. 

Corrections  for  drift,  air  density,  and  some 
other  factors  are  normally  made  by  cams  inside 
the  computer, ^and  therefore  do  not  show  in  the 
disigram.  • 

"*     That  in  a  nutshell,  gives  you  the  essentials 
of  a  modeaa^ual-purpose  fire  control  system. 


TRANSMITTING  INFORMATI^ 
ELECTRICALLY  - 


►N 


M 

Thanks  to  the  synchro,'  tr§uismission  system 
units  of  a  gun  fire  cont[*6j  system  need  not 
be  close  together,  informati  o^is  passed  from  one 
unit  to  another  by  means  of  .^nchros  and  servo- 
systems.  In  chapters  7  an(|  8  you  learned  the 
principles  of  synchros  and  fervosy stems  and  how 
they  fit  into  the  ordnance  p^ld.  Accuracy  of  a 
ship's  weapon  system  dep4i|s  upon  the  correct 
operation  of  a  synchrofeystem.  Since  most  units 
of  a  gun  fire  control  system'^ore  widely  sep^ated, 
the  synchro  becomes  the  controlling  unii^ds  well' 
as  the  controlledunit.  The  word  synchro  (synchro- 
nous) means  happening  at  the Jsame  time,  the  only 
delay  from  the  remote  controlling  station  and  the 
weapon  under^bi\t;rol  the,  time  it 'takes  .an 
electrical  signal  to  travel  frp m  one  station  to 
another.  '     .   ,  ' 

A  point  to  remember  is  ihat  Navy  weapons 
controlled  from  .  remote .  stations  mqst  use 
synchrosystems  for  tneir  control.  We  remember 
from  chapter  7  that  the  most  liftj^rtant  advantage 
of  synchros  over  mechanical  faring  is  their 
flexibility.  Wires  connecting  one  ^|^on  to  another 
can  easily  lead  around  an  obstacle  in  its  path 
without  resorting  to  mechajiiGal  linka^s 
or  shafts.  V  ^ 


Each  unit  of  a  gun  fire  control  system  uses 
some  type  of  servosystem  for  their  control.  To 
e^qplain  the  operation  of  any  one  fire  control  unit 
servosystem  is  beyond  the  scope  of  this  chapter. 

FUZ5  SETTERS    ^  . 

o  * 
« 

As  you  know,  ipany  projectiles  are  fitted  with 
,  time  fuzes^  These  must,  before  they  are  fired, 
be  set  tp  e;q)lode  at  the  right  time.  This  is  done 
by  the  fufee  setter,,  whvph  is  a  part  of  all  fire 
control  systems  designed  for  batteries  5-inch 
and  larger.\ 

The  fuze-B^ing  is  transmitted  by  synchro  to 
the  fuze  setteWt  the  gun  mount.  This  may  be 
located  at  any  of  several  places.  For  example, 
some  mounts  and  turrets  have  a  fuze  setter 
in  the  projectile  hoist.  It  may  be  in  the  gun 
slide.  Or  it  may  be  a  separate  unit  containing 
three  fuze-setting  pots,  mounted  on  the  gun 
carriage  behind  the  pointer.  All  types  are-con- 
trolled  by  fuze-setting  indicator-regulators  (fig. 
13-13).  - 

Each  fuze-setting  indicator-re^atpr  can  pro- 
Vide  automatic  or  manual  fuze  setting.  MariuU 
control  is  governed  either  by  matcjiing  dials^  or 
by  positioning  them  at  the* required  setting.  The 
instrument  is  normally  set  by  remote  control 

•  from  the  c^omputer. 

The  selector  sets  up  the  in(|icator-regulator 
either  for  automatic  or  manual^  control.  Tiia 
handcrank  is  linked  to  the  fuze-setting  mechanism 
.  only  when  the  selector  is  set  for  manual,.  You 
then  crank  to  match  the  dials,  or  to  position 
them  as  required.  T 

The  zero  reader  dials  and  the  follow-the- 
pointer  dials  are  coarse  and  fine  reading  respec- 
tively. The  innder  dial  of  each  group  is  attached 
to  its  corresponding  synchro  shaft,7and  bears 
a  single  index  mark.  Each^rin^dial  graduation 
represents  one  second  on  the  zero-reader  and  .02 
second  in  the  follow-the-pointer  dial. 

MOUNTS  AND  TURRETS 

♦ 

The  computer  solves  the  fire  control-problem 
^^and  computes  continuous  information  for  the  gun 
mount  or  turret  in  the  form  of  gun  orders.  These 
orders  are  sent  to  indicator  receiver  regulates  at 
each  gun  mount  or  turret  to  provide  correct* 
information  so  that  the  weapon  can  be  posittoned 
^to  hit  the  target  for  surface  action  and  to  esqploSe 

*  *at  a  predicted  jposition  for  AA  target.  The  order 
signals  are  received  ))y  the  gun  station^s  position 
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synchrps,  which  in  turn  control  the  power  drive 
servo  system,  Povver  drive  fundamentals  were 
explained  in  chapter  8.    ^  -  *  . 


COMPONENT  LOCATION  / 

The  loc^ofl.  of 'the  components  of  a  gun  fire 
control  system  ate  showiKin  figure  13-14.  Most  of 
the  destroyers  dnd-  aurfilaries  have  just  one  gun 
fire  control  system,  however,,  some  of  the!m  have 
two  systems,  and  smaller. auxiliaries  have  none. 
Larger  ships  such  as  battleships,  carriers,^^ 
cruisers  have  two  or  more  systems. 

Directors  are  installed  high  in  the  ship's 
structure,  wKile  stable  elements  and  computers 
^e  Installed*  belo\v  decks  in  fJrotected  plotting 
rooms.  All  elements  are  comiected  by  a  sjjnchro 


4^192 

Pigure  13-13.— Fuze-setting  indicator- regulator.  * 

trfuismission  system^  and  are  tied  into  this  trans- 
mission system  at  one  or  more  switchboards  lo- 
<;ated  in  the  plotting  rooms.      r  \ 

:   Normally,  each  director  in  amxUtiple  installa- 
tion controls  a  designated  group  of  guns  and  \s. 
connected  to  a  designated  computer.  *HoweverK 
switching*  arrangements  permit  any  director  to 
6ontrol  any  or  all  guns  and  to  connect  -to  any 
Computer. 

;The  flexibility  of  a'  ship's  weapon  system 
also  depends  upon  successful  communications* 
between  widely  separated  unit  s.  of  a  gun  fire  control 
system.  In  spite  of  oasu^ties  to  both  men  and 
equipment  some'  type  of  communications  tou.st 
be  mairttaiAed.  Communications  can  be  transnSited  ^ 
in, many  different  ways.  Voice  and  other  audible 
communications  are  the/  primary  methods,  out 
visible  signals  can  be  employed  if  other  methods 
fail. 
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-  y  J.  it  ? 

Figure^!  3-14, — Mlfa? 

COMMUNICATIONS 

^      .  ^      7       /:-:  , 
As  you  alreacty  kngw  fr^m  yoi/r  study 'ofRa^ic 

Military  Requirements?' a  ship^s  battle  communi-' 

cation,  system 4s  buUt  around  the  sound-poivered N 

telephone  —  a  phone  powered  by  \hp;  sound  oTthe 

user's  voice,  f 

Sound-powerefl,  telephones /ara/ part  of  the 

interior  comniuiucation  (1^  sy  sten^.Uso  included 

in  the  IC  circuits  are  synchips/and  relays  that 

position  dials  and  otiier  ^aSwces  that  transmit 

orders  or  otherwise  control  tiAits  of  the  weapons 

systems.  Because  synchros  anosrelays  hav^been 

di^ssed  earlier,  howevej^  we  say  rib  more  about 

them  hQv6m  Therefore  in  this  section  we  will 

'di86uss  the  organization  anduse in \ye^on  control 

of,  the  ship's  ^flund-powej^cl.  telephone  systep, 

"Battle*  (sound-powered)  :  telephones  are^set 

up  as.  groups,  (circuits)  of  ^connected  stations, 

rather  than  as  individual  stations.  When  you 

plug  in,  you  are  automatically  connected, with 

all  the]  other  manned  stations  oh  your  circuit. 

Circuits  !  are  in  turn  organized  into'  systems. 


4,216^ 


stems  of  battle  tel^hone  circuits 
ary,  the  auxiliary,  and  the  supple- 
mentary^^/.  '  ^ 
'  Prirafy  /circuits  are  ,the  niain  channels  of 
communicatiWx  for  controlling  armament  and 
maneuvering  wie  ship.  Primary  circuit  symbols 
consist  of  a  number,  two  letters,^  and  another 
number-^  for' example,  2JQ3.  Let's*  briefly  take 
up  the  elements  of  the  symbols.  The  first  number^ , 
indicates  th©  battery,  as  follows: 

1  --Sirface  battery  circuits  ,^  " 
2^-^Dualrpurpose  bajtery  circuits  - 
3— "Heavy  machine  gun- circuits  ♦  - 

.  The  letter  indicatels  the  function  of  the  circuit; 

JB— ^tterfe  •  -      .  \  , 

JC— ContrST         ,  *\      '  -  "  / 

JlC—  tuze  setters  ,  -  / 

JN--IHuminli|i|ci  control 
JP— Qroup  control  '  ^ 
JQ— Sight  setters  "  •  ,     '  , 

' J\V — |toge  control  ^  ,  ' 
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The  last  number  in  the  symbol  indicates  the 
corresponding  group,  mount,  or  turret  number. 
Circuit  2JQ3,  for  example,  is  the  sight  setters 
'circuit  for  group  3  in  the  dual-purpose  battery. 
■  *  All  primary  circuits  for  the  ship's  armament 
can  be  interconnected  oti  switchboards  iir  the 
plotting  •  rooms,  as  well  as  by  other  control 
switches.  (By 'and  large,  the  other  sound-poweie4 
phone  circujls  have  no  switchboards,  though  some 
interconnecting  can'  be  done  by  control  switches 
at  MSLTious  stations).  These  facilities  are  impor- 
tant for  tying  circuits  together,  for  transferring 
control  from  one  point  to  another,  for  providing 
emergency  colnmunications,  and  for  isplating  cir- 
cuits or  individual  stations  (in  case  oS  casualty, 
for  example).  You're  not  concerned  with  how 
ti)e  switchlwards.  are -operated'- that's  up  to  the 
crew  at  the  switchboard. 

The-  auxiliary  battle  telephone  system  is  a 
standby  which  parallels  the  njone  important 
•primary  circuits  and  is  inteiiddd  for  use  in 
case  of  casualty  to  them.  It  has,r)o  switchboards, 
fiach  auxiliary  '  circuit  is  designated  by  the 
letter  X,  followed  by  the  symbol  of  the  circuit 
for  which  it  is  a  substitute.  Xfius,  the  surface 
battery  control  auxiliary  ci^uit  is  given  the 
symbol  XIJC.  Since  the  au:fliary  circuit  is  not 
continuously  manned,  like  the  primary,  it  is 

•  generally  equipped  with  handsets  rather  than 

headsets.    .  '  ■ 

•  supplementfrry-^Jircuits  are  those  JiQt  imeor- 

tant  enough  to  be  in  the  primary  system.  They 
are  identified  by  X  (numbers)  J.  In  turrets, .the 
first  digit  corresponds,  to  the    number    of  .the, 
turret- for  example,  turret  2  would  have  circuit 
numbered  X20i9,  X202J,  and  so  on. 
'  In  nv3unts  and  turrets,  supplementary  circuits., 
are  mostly  concerned  with  the  ammunition  "Supply 
system.  Thus,  in  enclosed  twin  mounts,  XI 7J 

♦  connects  the  top  and  bottom  of  .thelower  ammuni- 
tion hoist., Turrets  have  more  supplementary 
circuits.  Thd  Salem  class  8-inch  turret,, for 
example;*  has  nine,  one  of  them  cSnnecting  the 
turret  otficer  with  gun  positioning  and.  sight- 
setting  stations,  and  with  the  safety  watch;  others 

*  interconne^cting  the  ammunition  .supply  system 
with  the  gun  captains  and  turret  officer.  • 

'    Supplementary  battle  telephone  circuits  have 
-no  switchlxiards,  but  at  gun  captains'  and  mount 
-  captains'  statio;>s  are-' swit^she^  that  can  inter- 
connect 'different  supplementary  circuits,  or  tie 
Ihem  in  with  primary^  control  circuits. 

NOTE:  '  .• 

1.  The  crewman  assigned  to  a  phone  station 
is  the  one  primarily  responsible  for  seeing  that. 


,    4  * 

his  phones  are  at  the  station  and.  in  working 
order.  It's  up  to  him  to  see  that  defective  phones 
are  turned  in*  to  L  C.  eleetri<?ian»s  shop,  for 

repair.  *  ' 

2.  When  on  the  job  as  gun  or  mount  caiHi^iu, 
the  entire  gun  or  niounj  Is  your  responsibility. 
A  lot  depends  on  how  your  men  handle  their 
phones,  how  Uiey  talk  into  them,  and  how  well 
^lie^  maintain  circuit  discipline.  And,  in  turH, 
their  efficiency  at  the  phones  is  influenced  by 
the  example  you  set  for-  them.  The  ^i)esl  way 
to  keep,  ihem  on  the  ball  is  to  stay  on  the  l^alL 
jrourself.  '  . 

ANNOUNCING  SYSTEMS 

The  shipboard  announeiog  system  J  sane  twork 
.  of  public  addresi  systems  made  up  of  MC 
circuits;  They  are  electrically  powered,  with 
.  transmitters  (microphones)  and  reproducers* 
(loudspeakers)  spotted  throughout  the  ship.  The. 
m^jor  system  for  the  ship  as  a  whole  is  the 
IMC.  .This  general  announcing  system  is  used 
by  the  OC©/to  pass  orders  and'-informution, 
and  to  transmit  the  general  alarm  and  chemical 
-attack  signals*  .    ,  , 

Those  announcing  systems  of  special  interest 
to  yoii  as  a  Gunner*^  Mate  arc  the  17  MC  on 
du^-pjirpose  enclosed  mounts,  and  the  11  MC— 
l3McHn  turrets.  The  17  MC  provides  the  >lk 
37  Wector' officers  an ijDlified  voice  cojumuni- 
cations^o't"he^F5^-inch  mounts.  New  conSt^'uqtionr-' 
and  modernizeci  vessels  do  not  have  the  17IVK:, 
and  ih0^  System  ,wiil  gradually  disappear  from  tht- 
fleet,  ^the  turret  MG  systenis^afre  coptrollcd  by 
the  turret  officer  ih  each  turi/bt.  The  system^ 
transmit"  the.  turret  officersV  ordeV^>  tg  stra- 
tegi  caliy-plaeed.  loudspSaSer  s. 

Both  mount  ^and  turc&t  announcing  systema 
can  be  tied  in  with  the  general  annoHiicing  system 
IMC.  Three-inch  and /smalleV-  i^iounts  are  not^ 
seVved  by  'an  MC  sy/tenv  ot^jer  than  the  IMC.v 

*   AUDIBLET^IGNAL  SpTEiW     ^    '  "'"^ 

Besides  these  yoice  cor^^munication^^ysteiits, 
momm  naval  shj^s  are  pquipped  With  several 
systems  of  audible  'si^ial^*;  - ' 

1.  United  States  Nay/  Safety  HogulatiOns  re- 
quire that  Wfore  any  turret  or  enclose d*v  n;ount 
Js  moved  in  train,  a/ warnrng .  signal  must  Ixj 
sounded  on  the  4.rain'\^rning  signal'Cireuit^(TW),, 
except  duriiig  GQ.Thb  TVV  eircui^t  isjindei^ndent 
of  all  o^her  IC  circuits.  It- consists  of  either  a 
pushbutton  control  switch,  or  a  manual  ^Wjtch, 
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wiring,  power  supply,  and  bells  outside  the 
turret  or  mount. 

2,  The  call  signal  system  (circuit  E)  parallels 
supplementary  battle  telephony  circuits  and  voice 
tubes.  It  cpnsists  o£  interconnected  power-supply 
units  or  magnetos,*  selector  switches,  and  buzzers 
or  bells. 

3^  The  order  to  cease  fire  is  normally  given 
by*  sounding  a  claxon.  Cease-fire  signal  circuits 
are:  .  ^ 

Main  battery   lU 

Dual -purpose. battery  ."2U 

.  ^  Heavy>  machine  "^un  battery  .*  .  .  4U 
Light  machine  gun  battery  .  .  .  .  5U 

Rocket  battery  .  .   9U  ^ 

Sector  control    45U  '  - 

s 

The  (45U)  circuit  is  a  combination  of  4U 
and  5b,  but  the  armanrxent  is  divided  into  groups 
by  actors  rather  than  by  si;ses*-0f  weapon. 
Thus  all  A  A  fire  from  both  heavy  and  light 
machine  guns  m  an^^ctor  can  be^  controlled^ 
by  one  station.  This  circuit  can  also  be  inters 
connected  with  the  headsets  of  the  gun  crews, 
so  that  they  hear  the  cease-fire  in  tlieir  phones 
\as  well  aa  on  reproducers  at  the  mounts.  Dual- 
purpose  mounts  hear  it  through  \he  17MC  system. 
/  4.  The  salvP  signal  is  a  loud  buzz,  lii 
sepondary-baUel^  mounts  it  is  transmitted  bj 
ttieTTMC  system.  In  turrets,  salvo  signal  buzzers 
•are  installed  on  the  gun  deck  level. 

5.  The  intraturret  emergency  alarm  is  an 
independent  circuit  used  to  warn  of  danger  or 
serious  casual^  in  the  .turret.  It  consists  of  a 
number  of  small  electric  sirens  that  caa  be 
put  into  operation  from  any  of  several  stations 
in  the.  turret.  The  turret. off icer's^booth  ftas  a 
switch  for  silencing  the  sirens. 


should  always  be  consulted  for  maint^iiance 
problems. 

Basically,  GFCS  Mk  68  performs  the  same 
functions,  as  GFCS  Mk  37  except  Uiat  it  Jtes 
si4)ersonic  target  speed  capabilities.  \t^rst 
glance  it  appears  much  more  complicated,  as 
there  are  over  500  dials,  handcranks,  indicator 
lights,  and  similar  operating  control.  Most, of 
these,»however,  are  for  checks  and  teSt  purposes 
and  for  placing  the  system  in  standby  position. 
In  actuality' it  is  designed  to  operate  very  simply,^ 
^and  with  fewer  personnel  than  the  Mk  37.  Testing 
and  maintenance  have  also  beensimplified  through 
plug:?in  module  design,  built-in  testers,  and  test  . 
panels.  Figure  13-15  shows'  a  typical  Mk  68. 
system  layout  aboard  a  DLG. 

From  the  standby,  condition,  if  the^p  is  tan 
accurate  target  designation  (TD),  it  is  only  nec-^ 
essary  to'press  the  TD  button-on  the  ^rector 
officer's^  control  panel  to  start  operation.'  The 
director"  then  slews  to  the  designated  target 
position.  As  the  director  domes  '•On  Target", 
the  radar  automatic  tracker  takes  over  and  keeps 
the  director  on  target  and  starts  the  computer. 
Indicators  at  the  director  officer's  control  panel 
and  at  the  radar  console  light  to  show  that  the 
computer  has  started.  Firing  can  commence  as 
soon  as  a  solution  is  reached  (depending  on  which 
time-constant  change  gears  are  IJStngused),  and 
either  the.' director  officer,  tracker,  or  gjlotfiring 
key  is  closed.  The  director  officer  selects  the 
mode  of  operation  and  at  any  time  carr  acquire  ^ 
control  from  any  other  station.  Modes  of  operation 
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Gun  Fire  Control  System  Mk6§  is  to  elaborate, 
sophisticated,,  and  ^complex  system  designed  to 
'    control  5' V54  and  3*  ;/50  guns,  and  to  be  entirely 
automate  during  the  acquisition,  tracking,^  and 
firing  phase  of  an  enga^ment.  Variations  from 
full  automatic  are  possible  to  mefet  certain 
'{agtical  situations' and  emergencies.  These  modes 
of  operation  wiUJ^e  discussed  later Also  various 
modes  are  developed  to  '  meet  these  tactical 
.  situation^,  fhis  ma>  cause  .feome  variance  in  the 
systemr  described  here,  and  in  the  one  in* which 
'  tyou  aVe  assigi\pd.  For  this  reason,  system  OPs 


are: 


Mffliffilfflfml^ilH 


1.  Auto-trapk 
.2;  Console 

3.-  Director  officer's  control 
j(i  Tracker's  control 
5.  Haiidwheel 
*    6.  Local  control  (indireot-fire)  ^  ^  - 

Autp  track  is  the  preferred  mid?. 

SYSTEMS  COMPONENTS 

Systems  components  and  primary  l^ta  flow  are 
shown  irt  figure  13-16.  These  compo^nts  will  be, 
discussecl  separately  as  to  their  functioj^  in  the 
system.  As  you  can  imagine,  a  detailed  functional 

"'description  cannot  bfe  giVen  in  this  text.  Coverage 
will  have  to  bo  limited  to^  block  diagram^scrip-  , 
ticJh  lof  system  function  'and.  operation.  Symbols ' 
used  to  describe  fire  control  functions  Will  be 
those  found  in  the  system  OPs,  which  may  differ 
from'thosQ.qsed  in  other  systems. 

\        .  " 
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Figure.  13-15.  — Arrangeme'nt  of  GFCS  Mk68, 


\ 


pDIpECTOR  MK  68  . 

'  /The  gun  direcfor  (frg.^ iS-lTfis  anampUdyne- 

'  controUed,  *  power-driven,  three-axis  ,  unit 
positioned  in  train,  elevation,  and  cross-level  m 
response  to  various  order  signsCls.  The  director 
ds'^a  unit  is  positioned  in  train  and  stabilized  in 
cross-level.  Only  the  rang^fihder,  telescope, 
binocular  mount,  and  radar  antenna  are  positioned 
in  elevation.  The  three  stations  of  the  director 
operating  'personnel  are  enclosed  within  a  blast- 
resistant  shield.  ^  • 

The  director  is  equipped  with  a  telescppe  and 

'  a  rangefinder  for  ipticaLtra^cking,  and  is  designed 
for  various  other  nf^thods  of  control  fgr  traclang 
in  raflge,  iDearing,  land -elevaUon.  This  provides 

'Ihe  flexibiUty  required  ^bl^^ffecUva  director 
operation  under  varied  cottdi^ons^  ^  ^  ' 

The  director  noYmaliy  tracks  a.  targetunder 
automatic  radar  dontroU  Alterimt^-raei^io^^'^, 
control  include  power ,  operation  1?y-  means  of 
handwheel  or  one-man  control  \inlts^  ahdcomputer 
control  with  xegeherative  aiding.'  »   .  : 

'  The* director  is  provided  witl)  h^atihgf  ,anti- 
Ibing,  ^d  def rdstiQg  equipment  ^  so  t^af  it  can 
be  operated  effectively  under  widely  varying 
climatic  conditions.  • 


^TRAIN'  MOVEMENT.— The  telescope,  open 
sight,  rangefinder,  and  l-adiir  antenna- mount  are 
fastened  to  the  shield  and  move  with  it  in^train. 
The  entire  director  is  rot^t^d  about  an  .axis  - 
perpendicular  to  the  deck  plane  to  move  the 
director  line  of  sight  in  tr^n.  Th6  .-electrical 
'  connections  between  the  stationary  shii5  structure  - 
and  the  rotating  director  are  made  throu^  a^ 
slipfing  as&mbly  in  such  a'mannet  tbalMrain 
movement  is  unlimited  in  either  direction.  This 
feature  eli^nates  the  nece^^ty  for'  train  limit 
stops  and  electrical  limits.* 

ELEVATION   MOVEMENT.— The  telescope, 
open  sight,  rangefinder,  and  radar  .antenna  ar^  . . 
mounted  so  that  theii\lines  of-  sight  may  be 
ejievated  with  respect  to  the  shield.  The  election 

,axes  of  these  'compgnents  are  iall  parsllel  an(} 
the  lines  of  sight  of  each  component  are  'perpen- 
dicular to  its  elevation  axis.  For .  practicalv  ] 
purposes,  all  of  the  elevation  planes  are  parallel. 
The  lines  of  sight  and  the  radai^  beam  are  all  J 
moved,  through  the  same  elevation  so  that^^they-T^ 
remaih  parallel.,  .  *u  -r 

The  director' elevafi on  gearing  can  move  the 
lines  of  ^ight  and  the  radar  beam  from  i  depress  ' 

-  sion  angle-  of  25"^ degreed  to  an  elevation  angle 
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♦Figure  13-16 •  —  Gunfire  contFQl  system  Mk  68  data  flow* 


oi^OS  degrees.  Liniit  stops  aiid  electrical  limits 
In  Uic  yowi^i  di  ive  protect  the  drivS  nicxhanlsms 
fioiu  dait  age  that  ^^ould  result 'if  tliesc;  liriiits 
.weie  exceeded. 

The^  telescope  is  constructed  so  that  the 
instrumenl  l>ody  docb  not  move  in  «elevation. 
hlcvation  of  the  telescojx;  line  Qi  sight  is  ef- 
fected by  rotating  an  objective  mirxor  mounted 
on  Ixjaiings  inside  the  telescope  Ixjdy.* 

I  he  open  sight  contains  a  binocular  and  peep 
sight  at  the  eod  of  the  sight  arm.  The  line 
siglit  is  ttioved  in  elevation  by  rotating  the  open 
sight  about  an  axis  .parallel  to'  the  telescope 
elevation  axis.  < 

I'hc  langcfinder  linlj'of  sight  is  moved  in 
clcvftiuii  iotatiijg  Ihc  ciitiic  rangefiridei  about 
ilb  longitudinal  uaI^.  Aft  independent  elevation 
Jiicehani&i!.  in  tlie  gefindcr  diive  .pernilts 
/{Uigefind'ji  elcvltiun  to  Ijc  uffset  froni  dircctoi 
elevation  whci.  it  a-,  nccc;.sat>  tuudjuist  the letiwlc 
patterii  with  the  taiget.   ,  ^  ' 
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The  radar'  antenna  is  supported  .^above  the 
shield  by  a  radar  antenna  mount.  The  radar 
beam  is  inoved  in  elevation  Ijy  rotating  the  entire 
antenna  about  an  axis  p^irallel  ^to  tlie  elSvation 
axes  of  the  optical  equipment. 

A  level  angle  i&^onfetrically  added  to  the 
elevation  of  the  lines  of  sight  ^*d  radar  team  to 
cancel  the  effect  on  elev/ition  of  roll  and  pitch 
of  the  ship.'  The  l^vel  angle  is  generated  by  a 
stable  element ^6elo\y  decks  aod  is  automatically 
transmitted  to  the  director^  *  • 

CROSS-LEVEL  MOVEfMENT.  — The  director 
shield  is  mounted  on  trunnions  so  that  the*entire 
shield  can  *be  rotated  in  cross-level  to  Keep  the 
elevation  planes  of  the  linens  of  sight  and  radar 
beam  in  a  vertictil  position  regardless  of  the 
rolling  and  pitching  of  the  ^>hip.  The  axis  of  the 
cruss»i^  ^runmons  is  parallel. to  tlie  deck  plane. 

The  director  crosslevel  gearing  can  move  the 
shield  through  an  angle  of  34  degrees  each  sfde 
of  the  zero  position.  Limit  stops  and  electrical 
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limits'  in  the  power,  drive  and  buffers  pn  the 
directoi^  pedestals  protect  the  crosslevel  drive 
and  shield  from  dam^  that  would  result  if 
these  limits  of  movement  were  exceeded.  / 

primary  control  of  firing  is  at  Control  Panel 
Mk  110  Mod  1.  A  two-secUon,  three-position 
selector  switch  controls  firing  and  cease  firir^ 
circuits,  men  this  switch  is  ip  the^ NORMAL 
position,  the  gun  firing  circuit  may  'be  completed 
at  one  of  two  positions  in  the  director  shield: 
the  director  officer's  firing  Key* the  tracker's 
one-man  control.  Wlien  the^  selector  switeh  i& 
in  the  CHECK  position,  both  gun  firing  and  cease 
firing  circuits  ar^*  open. 'Opening  these  circuits 
results  in  a  check  fire  tone  si^al  being  sent  to 


RADAf?  REFLECTOR 


gun'  positions,  which  indicates  'that- firing., is 
temporarily  suspended.  When  the  selector  switch 
is*in  the  CEASE  position,  the  ceage  firing  cir,cuit 
is  completed,  •  sending  a  tone  signal  to  the  gun 
^  positions  indicating  that  firing  is  indefinitely 
suspended.  All  firing  circqits  from  director  to 
gun  po'sitions  are  completed  throu^the  fire 
control  switchboard. 

The  director  is  equipped  with  two  one-man 
control  ynits.  Each  unit  may  be  ufeed  for  slewing 
the  director  or  foy.  one-man  traqking  in  both 
train  an^  elevation.  The  one-man  ^control  unit 
is  rotated'  about  a  vertical  axis  to  control  the 
director  train  rate  and  the  handgrips  are  rotated  ^ 
about  a  horizontal-  axis  to  pontrol  the  elevaUon 
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rftte,*The,  rates  generated  are  proportional  to 
the  amount  of  rotation. 

JRadar  Mk  53  is  a  part' of  Gun  Fire  Control 
System  Mk  68  and  ^is  sinular  to  radar  Mk  35 
used  with  GFCS  Mk  56,  in  that  it  affords  control 
of.  t^  entire  GF.CS  ^rom  the  radar  ccmstJIe.  Be- 
sideh  automatic  tracking  signals  froin  the  radar 
error  circuits,  range,  beftring,  aiid  elevation 
handwheels  and  slew  controls  are  provided  oh  the 
radar  console  for  manual  search,  acquisition, 
and  tracking  in  the  console  mode  of  ^operation, 
and  for  modifying  TDS  signals  m  TDS  mode. 
.  In  the  feutoiT>atic  ^racking  mode  (normal  mode), 
the  direc^t^po^Kon  is* controlled  by  the  angle 
tragking  lo^^r'lhe  videa  signal  is  applied  to  the 
an^e  error  detecting  sj^tem  which*  determines 
tiie  tracking  error  and  generates  bearing  and 
,  elevation  error  signials;  These  error  signals  are 
applied '  to ,  Amplifier  Mk'*^6,  which  supplies 
power  to  the  €lire9tor  ahiplidynes. 

COMPUTERJVIK  47  '     .  < 

Computer  Mk  47  is  housed  in  two  aluminum 
sections  bolted'together  toid!*rn  a  single  cabinet. 
The  computer  Is  entirely  transistorized  an^  all 
operating  controls,  switches,  and  indicating  dials 
:  are  conveniently'  located  on  tfie  front  of  the 
computer. 

Computer  Mk  47  computes  gun  Orders  and 
'fuze  settii^  orders  for '5»»/54^caliber  guns,  and 
data  for  use  in  the  star  shell  computer  and  in 
the  converter  from  information  furnished  by 
the  reiilainder  6t  the  system.  Its  operation  is 
entirely  automatic  dufin^mcquisition  and  tracking 
except 'tWhep  manuaj'rate  control  or  local  control 
is  employeo^;,.^^ 

The  coniputer  utilizes  target  present  position 
data  to  determine  a  line  of  fire  that  wiirint  the 
predicted  target  position  'si  tfe  end  of  time  of 
filght.*  Gun  and  fu^-s^ttin^  qrd^^s  based  on  this 
"determined  tine  of  fire  are^then  KJomputed  and 
Jransmilted  to  th^  5^  gun  mount's. 

.Autppiatic  control  ^^.^.grdvl^eci  in  the  thfee 
prlinary  mode^  of  computeF^opqration;  Surfac^, 
A^-S6hic,.  and  AA— Supersonic^  For  surface 
*targe|Sy  the  computer  can  also  bev-ppe^ated*  ^ 
iqcai^  centre^,  ^  manual  rate  coMrol,^or-  by, 
tte  optjcal  range  mode. '     *-  -  ^  *  - 


Systeni  Mk  £8  Mod  S.  The  computer  functions  in 
three  different  mpdes  bf  operation.  In  NORMAL 
3»«/50  mode,  it  operates  with  Computer  Mk  47 

.to  derive  gun  orders  for  3«»/50  caliber  gOns,  and 
transmits  these  gun  orders  directly  to  ttie  3-lnch 
gun  mounts.  In  STAE-SHELL  5:»/54  mode,  it 
operates  with  Computer  Mk  47  in  Surface  mode 
to  derive  5*V54  caliber  gun  orders  and  fuze- 

.  letting  orders  for  star-shell  fire,  and  transmits 
these  orders  directly  to^he  5-inch  gun  mounts. 


The  primary  function  of  computer  Mk  116 
is  to  produce  gun  orders  for  the  3'V50  caliber 
battery.  It  contains  a  prediction  and  ballistic 
section  to  determine  target  position  at  the  end  of 
time  of  flight,  and  a  deqk  ^It  section  to'  convert 
and  transmit  gun  orders  in  the  prope/  (Coordinates. 


CON^VER^ER  MK  20 


Converter  Mk  20, is  used  with  Computer  Mk 
47  (when  it's  not  supplied  with  Computer  Mk 
116)  to  convert  5"/54  caliber  gun  orders  to  gun 
orders  for  3' V50  caliber  mounts.  The  converter 
is  installed  in  the  plotting  room  adjacent  to 
Computer  Mk  47.  -All  power  and  information 
necessary  to  perform  the  conversion  computa- 
tions are  receiVed  from  Computer  Mk  47. There- 
fore, CcAiverter  Mk  20  will  operate  only  when' 
Computer  Mk  47  is  on  and  transmitting  gun  orders. 
Operation  of  the  converter  is  automatic  except 
for  setting  in  the  value  of  Initial  velocity  for 
the  3V/50  cgOHjer  guns  being  controlled  and 
applying  spots  during^  surface  fire.. 


STAR-SHELB  COMPUTER  MK  1 
*  * 

In  systems  not  supplied  with  Computer  Mk  116, 
S{ar-Shell  Computer  Mk  1  iB  used  to  compute 
star-shell  gun  ordeifs  a^d  fuze  setting  orders 
for  5"/54  caliber  gun  moimts.  It  can  be  operated 
in  two  Inodes;  controlled  fire  or  search.  For 
controlled  fire  mode,  employed  whe^^  a  specific 
target  is  to  be  illuminated.  Computer  Mk  47  . 
m^ust  be  ope:^ating.  In  search  mode  the  star-shell 
computer  can  be  operate^  independently  of 
Computer, Mk  47.        •    .  ^  ^  < 

STABLE  ELEMENT  MK  16 


-  "computer  MK  116^ 

'    -' '       '  •  .  ^- 

\:  ComjputerJvlk*116:,-Mpd  4  is  designed  for  ^a.se  -'-The  primary  function  of  Stable  Element  Mk 
witkH£oYnputer  Mkiif  Mod  9  in  (Jun  Flte  Co^^^      16  and  ^soclated  equipment  is  basically  the 

■    4:72  .  '       '  ... 
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same  as*  that  of  Stable  Element  Mk  6.  That  is, 
to  provide  a,  stabilized  reference  plane  inde- 
pendent of  ship's  movement.  The  construction 
and  operation,  however,  are  quite  different. 

The  stable  element  contains  the  sensitive 
element,  gimbals,  pendulums,  pickoff  coils,  and 
servo  mechanisms  that*  maintain  the  -gyro  at  a 
true  vertical  and  generate  syjjchro  signal  ou^uts 
c£  level  and  crosslevel.  These  signals  are  used 
ih  computer  47  deck  tilt  corrector  section  to 
compute  position  angle  and  true  target  bearing, 

"     ^  SAFETY 

•  »  * 

The  after  main  battery  director  of  a  cruiser 
was  training  during  a  director  check.  The  sight- 
setter  left  his  assigned  station  without 
permission.  Suddenly  a  scream  was  heard.  The 
sightsetter'  was  found  with  his  body  jammed 
between  the  irregular  projections  of  the  director 
and  the  director  shield,  a  space  of  from  5  to 
8  inches.  The  sightsetter  died  from  extreme 
multiple-injuries  to  his  respiratory  system. 

This  case  demonstrates  the  always  present 
danger  existing  in  the  close  confines  around 
mounts,  turrets,  directors,  etc.  on  Navy  ships.  ^ 

During  a  practice  ^run  of  a  destroyer  a  member' 
of  the  gun  crew  of  a  5-inch  38-caliber  mount 
was  seated  on  the  right. gun  captain's  platform. 
The  right  gun  was  not  to  be  fired.  The  man's 
left  leg  was  placed  beneath  the  right  gun  slide. 
At  command,  the  mount  elevated  and  the  breech 
of  the  right  gun  descended  and. crushed  the 
man's  leg.  It  had  to  be  amputated. 

Ypu  should  acquaint  yourself  thoroughly  with 
the  safety  regulations  provided  in  OP  3347,  and 
with  those  regulations  posted  aboard  ship,  before 
operating  fire  control  equipment.  You  will  be 


taught  how  to  apply  many  of  these  preoauti(^:is^ 
while  yoM  are  leaning  to  operate  fire  control 
instruments.  The  following  list  of  general  pre-, 
cautions  will  assist  you.* 

1.  Always  inspect  all  training  and  elevating 
areas  to  make  certain.that  all  persons  are  clear, 
and  that  the  areas  are  free  of  obstructions  before 
operating  directors,  turrets,  guns,"  or  missile 
launchers.' 

2.  Always  use  warning  bells  provided  before 
training  or  elevating  gun  mounts,,  turrets,  or 
launcy^r&  during  routine  work  and  practices 
(except  during  GQ). 

3.  Befofe  leaving  directors,  turrets,  guns,  or 
launchers  always  train  and  ^elevate  them  to  their 
securing  positions;  place*  all  controls  in  the 
inoperative  position,  and  deenergize  all  power 
supplied  to  them.  \ 

4.  Whenever  possible,  have  the  regular 
operators  posted  at  their  stations  before  operating 
a  director,  turret,  or  a  gun  from  a  dummy 
director. 

5.  Slew  directors  and  guns  only  when  it  is 
necessary  during  practices. 

6.  AU^  telephone  stations  should  be  manned 
when  operating  .systems "  automatically  or 
remotely. 

7.  Notify  .all  operators  and  persons  concerned 
before  shifting  a  system  to  automatic  control 
from  local  control. 

8.  Never  operate  directors,  turrets,  or  'guns 
in  automatic,  without  having  the  re^lar  operators 
posted  at  their  stations. 

9..  Do  not  hesitate  to  stop  any  person  from 
operating  fire  control  equipment  if  he  may 
cause  a  casualty  to  himself,  the  equipment,  or 
to  any  other  person. 
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CHAPTER  14  . 

MAINTENANCE 


"Maintenance  means  everything  >ou  do  to 
"keep  'em  firing",  It  means  knowir^  your  equip- 
ment and  keeping  rt  in  shape  to  do  its  job.  In 
this  chapter  we  shall  take  up  maintenance  in 
terms  of  the  specific  work  that  you  will  be  ex- 
pected to  do  with  guns,  mounts,  and  rocket  launch- 
ers, YoiAr  job  is  to  have  ever>  gun  read)  to 
operate  at  all  times  and  to  keep,igvery  weapon 
in  the  fight  during  action,  ^ 

In  time  of  war  preventive  maintenance  saves 
mare  than  time  and  repairs.  You  probably  re- 

■  member  the  poem  that  tells  how,  for  want  of  a 
missing  horseshoe •  nail,  battle  was  lost.  The 
horse's  sho^s  should  have  been  inspected,  and  the 
missing  nail  replaced  —  just  a  matter  of  preven- 
tive maintenance.  Of  course,  we  don't  use  horse- 
shoe nails  aboard  modern  warships,  but  you  see 
the  analogy,  Maintenajjce  can  mean  the  differ- 
ence between  victory  and  defeat,  both  ashore  and 
afloat.  If  anything  goes  wrong  with  the  fighting 
equipment  of  a  ship>  it  is  out  of  action  until 
repairs  can  be  made,  and  then  it  might  be  too 
late.  You  have  been  around  enough  to  know  that 
a  ship's  fighting  equipment  is  ver>  complicated, 
with  many  parts  dependent  on  other  part's,  A 

^  gre^t  deal  of  money,  and  inventive  ingenuity  have 
gone  into  that  equipment.  But  if*  it  is  not  in 
working  order  when  needed,  it  is  worthless. 


PREVENTIVE  AND  EMERGENCY 
MAINTENANCE 

There  are  two  main  classes  of  ^maintenance 
work.  The  niost  important,  which  accounts  for 
.  most  of  the  maintenance  work  you  do,  is  routine 
maintenance.  That  includes  regular  lubrication, 
record  maintenance,  and  advance  planning.  The 
purpose  of  routine  maintenance  is  not  so  much 
to  repair  troubles  and  malfunctions  as  they  arise; 
but  to  prevent  them  before  they  appear,  Thislcind 
,  of  maintenance  is  therefore  often  called  prevent 
,  tive  maintenance.  It  is  based  on  the  well*-known 
principle  ihat  an  ounce  of  prevention  in  the  form 


of  adequate  routine  maintenance  is  worth  a  pound 
of  cure  in  the  form  of  rei^air,  replacement,  and 
overhaul,  '  *   "  ^vv* 

Preventive  maititenance  isnU'd^lm^i^pjr  ex- 
^  Citings  There's  no  glamour  in  a  gi^^jgfe/^^guH. 
But  taking  a  little  trouble  and  time  to  do  the 
pre^ntive  routine  mamtenance  now  will  save  a  lot 
of  trouble  and  tirp^  later  by  heading  off  break- 
downs and  time-consuming  repair  jobs. 

In  y6ur  preventive  maintenance  work  you  have 
a  job  very  muph  like  that  of  a  coach  who  is- 
assigned  to  keeping  a  team  of  highly  trained 
athletes  in  top  fightir^  form.  For  both  men  and 
machmes,  it's  daily  attention  to.the  details  that  is 
important.  For  machines,  tfiese  details  are  things 
like  inspection,  lubrication,  and  tightening  and 
adjusting  of  parts,  Ta  let  any  of  those  things 
go  means  trouble,  just  as  there's  trouble  for  an 
athlete  who  breaks  training, 
^  In  addition  to  ^he  daily  or  weekly  maintenance 
chores,  machines  need  regular  overhual.  This 
may  be  called  corrective  maintenance,  to  correct 
.existing  or  potential  deficiencies.  You  can  see  that 
this  is  really  also  preventive  maintenance,  its 
main  object  being  the  prevention  of  breakdowns.  * 

In  spite  of  the  best  preventive  maintenance, 
sometimes  your,  equipment  will  malfunction  or 
break  down  altogether.  Then  it  will  need  emer- 
gency maintjBnance  — the  urgent  repair  and  Over-  . 
haul  work  required  to^  get  it  into  working  order 
in  a  hurxy.  Effective  routine  maintenance  will  ^ 
keep  tthis  kirid  of  work  to  a  minimum^  but  there 
are  times— in  battle,  especially— when  you  must 
expect  casualties  and  breakdowns,  and  must  be 
prepared  to  deal  with  them. 

A  Gunner's  Mate's  emergency-ms^intenanop 
job  resembles  a  doctor|s  —  with  the  differenc^^ 
that  the  Gunner'S^Mate  is  expected  to  get  his 
"patient'^  back  into  actioil  a  lot  faster.  To  do  that, 
the  Gunner's  Mate,  like  the  doctor,  miust  do 
two  things:. 

1.  Find  out  what  the  trouble  is,  and  where3 
it  is.  The  doetor  Calls  this  diagnosis;.we  call  it 
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'trouble-shootings, Sometimes  the. casualty  o^ mal- 
function is  obviou%;  sometimes  it|s  hidden.  You 
locate  and  Identify  it-first,  and  then^      ^    -  < 

2.  Fix/it.  Thjs  may.^mean  anything  from  a 
simple  adjustmept  to  a  full-blo\^m  overhaul  jo^, 
involving  disassembly,  replacement,  repair,  re- 
assembly,  realignment,  and  readjustment. 

'The  more  you  know'about  how  your  equip- 
ment worfes^  the  better  you  will  be ^ at -trouble- 
shooting and  repair.  Experience  is  a  great  teach- 
er^, but  vou  c^n't  wait  until  yota;  gun  breaks  down 
in  brittle  to  find  but  how  to  repair  it.  Study  of  the 
troubleshooting  methods  and  repair  techniques, 
will  give  you  the  background  ofktiowledge  3; ou  need 
to  combine  with  pr&gtice  to  mak^  you  an  efficient 
rejiairman  for  your  guns.  - 

•MAINTENANCE  BY  SfflP'S  FORCE,  . 
TENDER,  AND  NAVY  YARD       *  ^  •  ^ 

.    >  *  /  ' 

Most  of  the  maintenance  work  9n  armament 
aboard  sh^ip  is  dpne  by  the  strikers  and  Gunner's 
Mates  .Uiemse Ives  as  part  of  the.  ship's  routine. 
This  is  called  ship 'enforce  maintenance^^       "  ' 
The  ship's  foVc^,h^ever,  hasn't  the  facilities 
or  the  skill  to  perform  certain  «less  frequent  but 
equally  necessary  maintenance  operations.  Ex- 
amples, of  •  thia  type  of  operation  are  repair  of^ 
gunsight  of  boresi^t  telescopes,  and  calibration  ► 
Qf  pressure^  gages.  Work  of  this  kind  is  done 
aboard  repair  ships  and  tenders  which  have  the  ^ 
equipment  and  skilled  personnel  (Octicalmen^and 
Instfumentmen,  for  instance)  that  are  required 
for  this  type  repair  woiT^.       *    ^  ^  i  '— 

,  Lastly,  there. are  some  jobs,  like  majorpvef- 
.haul  of  hydraulic  systems,  or  repair  or  replace- 
ment of  roller  "paths*  in  heavy  AA  mounts,  1;hat 
are  customarily  done  in  naval  shipy^ds.  .Such 
.  work  may  be  done  by  yard  workers  ^  by  the  sfrip^'s 
force,. or  4:)^  both.  Maintei\ance  work  doneyin" 
"yards  . rather %than  afloat  is  termed  Navy. Yard 
maintenance.         .  .  > 

Routine  overhauls  are  scheduled  far^  ahead' of 

*  time  at'  a  specified  Navy  Yard  for  e'ach  ship.  Tp 
get  the.nxost  out  of  the  9Verhaul  work,  records  of 
mishaps,  signs  of  defects,  or  poor  operation  of 
gunnery  equipment  must  be  kept  so  that.each  of 
the  items  can  be  taken  care  of  during  the  overhauP. 
Recbrds  of  all  work  done  by  the  ship 's  force  tn^st 
also  be  kept.-  Keeping  the  records'is  part  of  your 
job;  the  weapons  Officer  Tifiust  have  this  infor:ma- 
tion,to  plan  ttie  overhaul  work.  »  , 

Work  by  tenders  and  repair  ships  also  is 
.  scheduled,  so  it  must  be  planned  for  ahead  of 

*  time.  Authorized  alterations  (Ordalts)  are-  also 


made  aboard  ^hese  ships  when  possible,  though 
some  may  be  accomplished  by  ship's  force  but 
supervised  a'hd  verified  by  the  Naval  Ordnance 
Sys^tems  Support  Offices  (NOSSOK(PAC/^ANT). 
Ordlats  requiring  special  team  efforts* will  be 
accomplished  under  the  direction  of  NOSSO  and 
supported,  as  required,  by  the  In-Service  En- 
gineering Agent  and/br, contractor  representa- 
tives. Ordalts  usuklly*  state  by  whom  the  work 
is  to  be  done.  Changes  of  a  minor  natufeare 
authorized  by  NAVORD  Instructions  (NAVOBD- 
INST).  '.^   ^  .  '  . 

The  upkeep  period  iS  time  assigned  to  a  ship, 


while  moored  or  anchored,  when  the  ship's  force 
and  other  "forces  afloat  can  Nvqrk  to  perform  up- 
keep duties  without  interruptions- 
special  assistance  in  maintenance,  especially 
for  new  equi'pment,  may'beobtain^dfrom  contract 
service  engineers  who  are  specifically  trained  for 
specific  equipment,  or  from  mobile  ordnance 
service  units,. which  consist  of  military  personnel 
\iihq"have  been  travhed  to  hjindle  certain  equip- 
ment and  can  be  assigned  to  instruct  others  in  its 
use  and  care.  ^     -  - 

GENERAL  MAINTENANCE'     .  '  ■     ^  ^ 

sBack  home,  you  -*may'  have  keplt  your  did 
jalopy  /running  by  puttering  with  it  in  all  your 
.  spare  time,  and  learning  from  your  mistakes, 
you  have  seen  enough  of  gun  mounts  and  turret^ 
with  th^r'  complex  and  powerful  but' sensitive 
machinery  to  know  that  modern  weapons  require 
•fecial  skill  to  maintain.  Ivlistakes  are  far  too- 
costly  iin  men  and  money)  to  take  a  chance.  You^ 
can't  just  turh  loose  an  eager  beaver  with  a  screw-, 
driver  and  leave  it  to  ^ his  ingenuity  to 'do  a 
mainteoanoe  job. 

.  ■  Soft\i  maintenance  jobs  must  be  done  more 
dften  tftan  others.  For  example,  on  ^our-  5"/3a 
moiirit  Miu  pheck  the  differential  pisjon  every  daf 
to  'r^e  mre  there  is  enough  fluid  in  the  counter- 
recoil  system,  but  ypu .  bleed  and  refill  the 
counterrfeboil  system  once  a  month. 

Pui^pose  ahd  Use 

"  '  ^ 

The  Navy  uses  Maintenance  •  Requirement 
Cards  (MRC);in  the  Planned  Maintenance  Sutj- 
system  to  ^ake  sure  that  routine  maintenance 
jobs  are  done  at  the  required  regular  intervals 
(w^kly",  daily,  monthly,  etc.)  an^i  that  no  stei)s 
are^^o^gotten.-      ' .      .  - 

¥Du  wiM  obtain  the  MRCs  from  the  Gunner's 
Mate  under  whom  you  work.  You  will  use  the  MRCs 
as  .  a  guide  when  actually  doing  the  work.  These 
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MKCs  s])ecify  all'the  routine  maintenance  jobs  that 
are  required  for  a  given  mount  or  turret,  leaving 
^  as  little  as  possible  to  the  ^imagination.  Tfie 
individual  maintenance  items  for  tasks  are  classi- 
fied by  frequency  —  ho\^  often  tl^y  are  te  be  done. 

Daily  maintenance  is  concerned  mostly  with* 
lubrication,  inspection,  and  checking.  Oh  a  .5- 
inch  mount  this  would  begin  with  the  gun  itself, 
and  work  down  thrqugh  the  i^iimmer,  elevating  and 
training  gear,  hoist,  and  hanming  rooms.  "To  do 
the  lubricating,  'you  must  have  the  lubrication 
chart,  (there  may  be^  several)  for  that  piece  oi 
^^equipment.  A  sainple  lubrication  chart  is  shc^n 
•in  figure  14-1.   ^'^       -'^  '  '  ^ 

*  In  the  weeklyV  monthly, quarterly,  semiannual, 
and  annual  routines,  there ^is  usually  more  work 
involved  in  ea^h  item  — bleeding'and  refilling  the 
counterrecoil^  rfiechanism,  flushing  ind  relubri- 
cating  as  required,  cleaning  filters,  6tc., 

The  pre-firing  check  is  scheduled  to  take 
place  beforfe  the  battery  goes  jn^o  action,  so  that 
all  mounts  will  be  fully  checked  and  prepared  for 
firing.  In  wartime,  when  the  guns  must  be  kept 
always  ready  to  engage,  the  enemy,  the  before 
firing  routine  is  merged  with  the  daily  routine. 

Finally,  there  is  the  post-firing  routine,  which 
takes  pl^ce  at  the^  end  of  every  day  of  firing^ 
and  correspbrfds  more  or  less  to  the  similar 
routine  that-  you  learned  about  in  connection 
with  Small  arms,    ,*  \  ' 

In  practice,  you'll  find  that  the  maintenance 
jobs  are  cumulative  — that  is,  when  you  do  the 
monthly  items,  for  example,  you  will^algp  do  the 
weekly  and  daily  items;  quarterly  items  automa- 
tically include  the*  daily,  weekly,  and  monthly 
iten^s^  ,  > 


INSPECTION  AND  TESTING 
EQUIPMENT  ' 

"You  have  already  learned*  a  good  deal  abotit 
inspectien'  and  testing  ordnance  material  in  ear- 
Tie'y  chapters  of  this  manual  —  inspectir^  smoke- 
less *  powder  and  ot^er  ammunition,  sprinkler 
systems,  small  arms,  etc.  Inspection  and  test- 
ing are  insepai-able  fro^mkintenance^  The  higher 
you -rise |j^n  your  ratidg,  tjie  more/responsi- 
bilitj^  you  will  have  for  "inspection  and  testing. 
There  are^  the  operational  tests,  in  which  you 
put  the*  equipment  thrtftjgh^its  paces  to  be  sure  it 
has  been  put  together  ri^t  and  is  in  working  order. 
Other  tests  require  specillltestingequipment,  and 
you  shoi^ld  be  able  to  use  nonelecfrfcal  testing  " 
equipm.ent  such  as  bqre  erosion  gages  and  bore-  " 
sighting  'equipment,  as  well  as  electrical  testing  . 
equipment  (meggers,  test  lamps,  etc.). 


Tools  and  Their  Uses,l5AVEDTRAl0685-B, 
covers  various  measuring  tools  and  gages  u^ed 
by  Gunner's  Mates  p.  In  other  chapters  *of  this 
manual  you  have  read  about  more  specialised 
tools,  such  as ^' the  head-sp^e  gage,  pressufJe 
gages  (air  amS'liy'draulic),  boresi^ting  andtfam- 
^  ming  equipment.^ How  rauchtestingydu  will  do  with 
thijs  special  equipment  depends  mostly  on  the 
individual  situation;  your  chief  may  be  doing  most 
-  of'it.  *         •  -  . 

Record  keeping --^Iways  goes  along  with  inr 
spection  and  testing- You  remember  that  you  must 
„recoi;d^x>ur  daily  inspection  of  ^the  ammuni- 
'  ^*tion  magazines.  ,  ^  .  * 

,  Maintenance  of  the  recoil  and  counterrecoil 
systems  usually  As  done  .by.  your  chief,  but 
you  should  be  able  to  read  the  air  pressure  as 
shown  on  an  air  pressure  gage.  (See  ^asic 
Machines,  NAVEDTRA10624- A,  if  you  need  a -re- 
view on  pressure  gages). 

Checking  of  lost  motion  in  gun  sights  will^ 
be  done  in  connection  with'  boresighting,  with  a 
leading  Gunner's  Mate  in  charge  of  the  crewmen 
ki  the  different  station^  Each  man  at  his  station 
.sets  the  crosshairs  of  his  sight  as  directed.  When 
you  aVe  ready  to  learn  more  about  the  how's 
and  why!.s  of  this  operation,  you  can  read  about 
it  in  the  more 'advanced  texts. 


/'  LUBRICATION 

^  If  you  grew  up  in  a  qity,  perhaps  the  only  con- 
nection you  had  with  lubrication  was  taking  the 
family  car  to  the  garage  or  the  gas  station  for' 
greasing,  and  oil  change.  But  is  you  grew  up  on 
a  farm  or  had  a  car  that  you  had  to  keep  in  run-|« 
ning  condition  yourself,  you  are  well  ^wa^re  of  the 
n^ed  for  regular  lubrication  of  all  moving  metaf 
parts.  If  your  car  ever  burned«  out,a  bearihgi 
you've  had  a  lesson  that  you  are  likely  to  remem-- 
ber.  And  since  you  have  been  in  the  Navy,  you've 
heard-  a  great  deal  about 'the  importance  of. 
lubrication.  We  won't  let  you  forget  it.  l 


LUBRICANTS 


i  K 


Lubricants  are  of  two  general  classes  — oils 
and  greases.  Oils  are  fluids;  greases  are  semi- 
solids at  ordinary  temperatures.  Both  have  sev- 
eral qualities  that  determine  their  suitabiliiy  for 
a  particul^r^lubrlcation  job.  One  of  the  most  im- 
portant.ls  viscosity. 

Viscosity 'is  the  measure  of  the  internal  fric- 
tion, or  resistance  to  iflow,  of  a  liquid  or  semi- 
solid. It  varies  with  the  >  temper ature' as  well  a6 
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AT  ASSEMBLY 


4  RESPONSE  GEAR  ADJUSTING  COUPLING 
(COAT  WORM  TEETH)  ^ 

WEE'klY  or  36\MCJURS  OPEft- 
'    AJI ON  (MINIMUM) 


I  SHIFTING 


ER 


2  HANDWHEEL  HOUSING 

"tCHECK  LEVEL  AND  REPLENISH) 

3  hivNDWHEeC^^DLES 

5> INBOARD  /Sus^  ASSEMBLY 
(I  FILL  PVOd,  I  DR^/fl  PLUG) 
t 

6  Tf^AiN  of^DER  AND  Response  HOUSING 

(3  FITTI^0S,  I  LEVEL  PLUG). 

8  TRAIN  Of  QER  GEAR  ^^QUSfNG 
( I  P»TTlNG,3  LEVEL  PLUGS  ) 

\  L 

9  iflT^RMEVIA^  RESPONSE  GE^R  HOUSING 
(  I  fV]^-®'^'  L"EVEL  PLUG) 

IQ  TRAIW  mPlftllRONT  HOUSING 
-   (Fill  fHRU  COVER.  I  LEVEL  PLUG) 

If  TRAIN  I^P^UT  REAR  HOUSING 

(  FlLLTHR|^OVEk,  I  LEVEL  PLUG)   ^  < 

12  WORM  AND  WORMWHEEL  HOUSING 
(  ^' FIl6plU0S.  ?.DRAIN  PLUGS) 

MONTHaY  OR  120  HOURS  OPER- 
^    i^JIOM  (MINIMUM) 


GENERAL  LUBRICATION  INSTRUCTIONS- 
REF€R  TO  O.D.  3000 

APPLICATION  -  EXERCISE  PARTS  WHICE' 
LUBRICATING 

REPORTS.-  SHIPS  EXPERIENCING  ANY  DIFFI- 
CULTY WITH  OPERATION  OF  THE  EQUIP- 
MENT DUE  TO  LUBRICATlONiN  ACCORD- 
ANCE WITH  THIS  CHART  SHOULD  SUBMIT  A 
DETAILED  REPORT  TO  THE  BUREAU  OF  ORD* 
NANCE  WITH  COPY  TO  THE  NAVAL  OUM 
FACTORY. 

«  CHECK-OFF  LIST.S.-  REDUCED  SIZE  PHOTO- 
PRINT COPIES  OF  THESE'CHARTS  MAY  BE 
OBTAINED  FROM  THE  NAVAL  GUN  FACTORY 
FOR  USE  AS  PERIODIC  CHECK-OFF  LISTS. 

REFERENCE  CHARTS. - 

FOR  LUBRICATION  OF  PLAN^^BOVE  AND  ' 
'  PLAN  BgLOW  SHELF  PLATE  SEE  DR.  NO.' 
509299. 

FOR  LUBRICATION  OF  RIGHT  SIDE  ABOVE 
SHELF  PLATE  SEE  Dm  NO.  609301. 


A 
O 

□ 


INDICATES  WORMt^EAR  CUBRICANT 

(as.  14  00) 

INDICATES  LIGHT  MINERAL  OlL  (^AVY 
SYMBOL  3050  OR  2135)* 

INDICATES  BEARING  GREASE 
(l4-0IO(ORD))  ^  * 

^LUBRICANTS  ARE  $HOWN  IN  ORDER  OF* 
PREFERENCE 


SYMBOL 
SPECIFICATIONS 


61N.TRAINING  GEAR  MK,3M0D.I 

(47  CAL> DOUBLE  PURPOSE  TWIN) 

LEFT  SIDE  ABOVE  SHELF  PL/ftE 

(LOOKING  OUTBOARD) 

LUBRICATION  CHART  / 

509506 


.         .        -  ^      .    .  .'^  "  .  -     8^.278  . 

Figure  14-1.  —  Lubrfeation   chart,  showing   lubrication  symbols,  schedules  of  lubrication,  and  other 

instructions^  '    /  , 
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with  the  nature  of  the  suU&tuiiuu.  Petroleum  jelly 
(vaseline)  can  l^ardly  ik  i-  ^id  tuflovvatroom  terhr 
fferatiare,  but  it  can  be  tiielttjd  to  d\ rather  thin 
liquid.  On  the  other  hand,  mun>  kinds  of  oil  flow 
readily  at  ordinary  teniperatures,  biit  become 
much  thicker  when  they^rc  cold. 
'  Viscosity  is  expressed  \v.  terms  of  S»S»U» 
UNITS.  (S.S.U.  means  "Seconds,  Saybolt  Univer- 
sal" and  represents  the  number  of  seconds  it 
takes  a  given  quaiitity  of  the  lubricant  at  a  spec- 
ified temperatuie  io  jm' s  tlirough  the  Saybolt 
Uriiversal  Viscoslmeter  ur  Viscometer).  The 
higher  the  S.S.U.  nutxibev  of  a  lubricant  at  a 
given  temperature^  the  Uiuie  viscous  the  liquid. 
The  Navy  uses  the  S.S.U.  measurement,  rather 
that  the  S.A.E.  (Society  of  Automotive  Engineers) 
Grades  used  to  designate  lubricants  in  the  auto- 
motive induj^try. 

The  viscosity  index  (V.I.)  is  .an  indication  of 
the  variation  of  vlsco&it>  of  the  lubricant  with 
variation  in  tempeiaturtl  The  higher  the  index, 
the  less  the  viscosity  vanes  with  the  temperature; 
thus  a  high  index  is  a  desirable  quality.  You 
want  a  lubricant  that  won't  solidify  and  gum  up  in 
cold  weather,  nor  liquify  and  Ifeak  away  in  hot 
weather.       -  ...  ' 

Viscosity  index  can  be  improved  up  to  a  point 
by  putting  chemical  additives  intp  the  oil.  (Addi- 
tive's are  put  in  by  the  manufacturer.  Don't* try 
to  brew  up  your  own  special  oil  by  adding  anything 
to  it). 

The  flash  point  of  a  lubricant  is  the  tempera- 
ture at  which  it  gives  off  flammable  vapors.  The 
fire  point  (always  higher  than  the  flash-  point), 
is  'the  temperature  at  which  it  will  take  fire  if 
ignited.  The  pour  point  (of  an  oil)  is  the  lowest 
temperature  at  which  it  will  pour  or  flow. 

Oiliness  is  the  characteristic  of  an  oil  which 
prevents  Scuffing  and  wear.  You  might  think  this 
depended  on  viscosity,  but  a  complicated  relation- 
shiiD^of  many  factors  is  involved. -Certain  sub- 
stances have  been  found  which  increase  the  oili- 
ness of  a  lubrjcant. 

'Chemicii]  stability  concerns  '<{  lubricant's 
ability  to  ''take  it".  Ceitam  oils  and  greases  tend- 
to 'deteriorate  under  itiflucnce  of  high  tempera^ 
tures,  exposure  to  aii  oi  water,  or  fintj?oduction 
of  impurities.  A  lubucant  with  good  chemical' 
stability  will  resist  such  deterioration.  You  can 
often  detect  deterioration  by  change  in  color, 
fOr/nation  of  vaiiish  or  gtrnt  deposits,  or  consist- 
ency (oi  grease),  haidemug  (of  grease),  or  by 
other  telltale  signs.  Change,  in  viscosity  can  be 
more  acaurately  measuied  by  viscometer,  but 
seriotjs  change  ifi  t*^^y-for  the  expert  to  detect. 


These  signs  of  dettiiuiati     uieaii  that  tlic  lubri^ 
eating  and  coji  tobiou-tn^.  vt  iktii**^  qualities  of^the. 
substances  are  uiipaiit-d,  ^i>u'U  hnd  it  u»*^cfal  to 
know  the  signs  of  dc'tt  noi  itioii  iuoilbandgiuases 
well  enough  to  it\ogui.-i.  u.wii  .vii».  n  tlity  ajjpear. 


v.ikI  IivUi uulicfluidfj, 
. *  i.i,  oi  Ic-ast  to  a 


L}*t>ncant  piese'i  ^  aut 
all  protect  metal  .ig.i  *-r 
•   certain  extent,  (^oiuj^a  hi^^l^  .i  m,  )n}s,uf  course, 
the  jnain  functiun  ^^f     i  .  -t  Ylie  corjo- 

sior^resisting  i       >u  ariah>di"au- 

lic  fluids  can  Ix?  iru>j  i.   ^         la.ng  chemicals* 
called  inhibitors.  In  ?  *     k^I,       iiiu»if  u re  added 
to  the  substance  b>  iiic  nivmuivKiuici  i^tioit  de- 
livery'to  the  Navy.      '  ' 

Other '■qualitit^  ji  ..i>c-t»-c  >f  lubiic,tnts 
are:  dropping  point,  pvni  t:  uliou,  iieutrulii'-atixjn 
number,  work  faCtoi ,  vit.  j:  ily  cfiange,  and  ani- 
line-point.  Chenij&ts  m  lui.i n^atioii  work  need  to 
understand  the  meauui^  tnc  UAhe;  we  list  them 
.  only  to  impress  Auu  with  tht-  fact  that  just  any 
oil  will  NOT  do.       '       ^  ;  • 

.  Functions  of  Lubricants 

Now  that  we  have  di5Lvi..t,cii  boilie  of  the  quali- 
ties of  lubricants,  >ou  ^au  stx  liuvv  they  a^ply 
to  the  jobs  that  lubucuiitJ;  h.at  tu  Jo.  Lubricants 
are  used  for  three  purposes  to  rOduce  friction, 
to  prevent  wear,  and  as  a  fH  utecU^e  cover  against 
corrosion. 

-  As  a  protective  co\ei  :i<^tunst  wear  and  tear, 
the  use*is  equally  obvious  wlien  you  consider  the 
ma'tter  friction.  Lubricantf^,  form  i^Jaj^r  or  film 
between  the  metal  surfaces,  v^hich  actually  keeps  , 
the  metals  from  touching.  I  he  moving  parts' 
"ride"  on  the  luinicant.  In  the  instance  of  two 
.  metals  surfaces  sluling  vlvvo^^  each  other  where 
space  cannot  Ije  {»"oviiU'<i  for  ball  bearings,  tlie 
.lubricants  themselvef;  serve  us .  'Miquid 
bearings".,  In  all  mechanical  devices,  lubrication 
is  necessary  to  countetuct  fiiction  as  much  as. 
possible.  Only  the.  pret>encc  uf  u  thin  film  of 
lubricant  to  §g(fSt ate  /octal  suifuctb  keeps  mo- 
dern machinery  gomg.  If  Uu  film  disappears, 
you  have  hot-boxes,  UiJ.ucd-oLit  and  fro/.eu  bear- 
ings, scored •cyLndti  vvvJh,kaI..v  pack ing?^,  and 
a  hoist  of  otlier  ii^iu\iul-  \u<  ,k  ifi  of  Ihcrn 
being  excessive  wc.ii.    .11  «  tioijjh  ^^aie 

the  result  of  diicct  mctai  lu-iiictal  ^.unlait  with- 
out adequate  lubiicaia.  ijibiKant^  do  i^ot  move 
naval  guns  aiid  equipiiu.iit  but  tK*.y  Keep  Iheiii 
movable.     *         .  , 
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Types  and  Properties  of  Lybrioants  - 

Lubncants-^for  naval  orjdnance  systems  are  se- 
lected on  the  basis  of  necessary  or  desired  char- 
acteristics including:  i' 
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|orr  the  bore  of  sVnall  arms  and  autonifttic  air- 
craft weapons.  Most  materials  used  for  military' 
equipme^it/ by  the  various  armed  services  are 
now  purchased  under  federal  or  military  speci- 
fications, ' 


1.  M'aximupi  reduction  of  frifction  ^between     MILITARY  SYMBOL  Of LS 
bea):*ing^  ^urface^;  }y  ~ 

2.  Corrosion  inhibiting  propeu^es. 

3.  StaJ^^Lllty  j^over  a\wide  temp^ature  range 

4.  Ability  t6  withstand  high  pressures. 

5.  Low  volatilifa^  at  operatii^.iemperatures 

6.  ,R^sist^nce  to  oxidation; 


7. 
8. 


Resistance  to  emulsification'i 


Resistance  to  environmental^ntaminafion 
by  the^ particular  application**.! 

Because  proper  lubricatioYi  is  an&)Solute  nec- 
essity, selecting  high  quality  lubricants,  those.. 
having  the  right  viscbsi^fand  othe^properties 
for  each  job,  is  of  vit^'lmportanc^  For  many 
appAations  liquid  lubricants  such  petroleuln 
or  synthetic  oils  are  suitable, ^arti^larly  if  the 
lubricant  can  be  retained;  as  in  anVx)il  bath  or 
gear  box,  or  in  a  forced  feed  systeiA.  In  condi- 
tions where  oit  cannot  readily  be  detained  or 
additional  protection  against  corro^|Cra  is  needed, 
greases  are  used.  In  applications  whetri  the  opera- 

_     X  fQj^^>^..-r_..  


tisfactory 
e,  molyb- 
ade  from ' 

K 

for  spe- 
[uirements 
on  naval 
and  -stock 
ved  lubri- 
in  Lubri-» 
00  (latest 


ting  temperature  is  too  high 
lubrication  by  oils  or. greases,  grap] 
denum  disulfide,  or  bonded  dry  fil 
these  materials  may  be  used. 

Special  lubricants  which  are  requ 
cific  naval  ^ordnance  operational 
must  be  approved  before  they  are  u| 
ordnance   equipment, '  Specification^] 
numbers  for  special  lubricants,  app^ 
cants,  and  "oils  are  listed  oh  tabli 
cation  of  Oirdnance  Equipment,  OD 
revision).        ^  ^ 

Specifications 


When  the  Navy  buys  oils  andfflubricating 
greases,  they  must  specify  what  th^  want.  To 
make  sure  that  the  supplier  knows  TMactly  what 
is  wanted,  a  (Jetailed  description  olC||e  items  to 
be  purchased  id  forwarded  to  the  supplier  in  the 
form  of  specifications  or  specs.  Thej^  specs  are 
printed  by  the  Department  of  Defens^  and  relate 
standardized  specifications  which  .Ifhd^entlfy  by 
name,  numbers,  and  letters  lubrlcanff, preserva- 
tives, hydraulic  fluids  and  many  \^other  items 
used  in  operation  and  maintenance!  of  ordnance 
equipment.  An  example  of  an  Item'^Qu  may  have 
used  in  MIL-C-372,  cleaning  compound,  solvent. 


Military  symbol(MS)  oils  are  ptli*oleuni-base 
oils  covered  by  certain  military  Specifications, 
They  contain  no  corrosion  inhibitors  Some  of 
these  oils  J^re  used  in  ordnance  systems  for  oil 
bath,,  oil  can,  o^  forced-feed  lubrication  where, 
the  equipment  is  enclosed  or  otherwise  protected 
from  a  corrosive  environment.  The  symbol  used  t^ 
designate  these  oils  is  a  four  digit  number  In 
which  the  first  digit  indicates  the  series  or  type 
an(J  the  last  three  digits  indicate  the  approximate 
^  saybolt  viscosity. 

The  following  illustrates  how  to  hanslate  Ljj 
syTnbol  System  of  oil  MS  3050, 

MS  \3050  Indicates  a  general  purpose  oil 
(series  3)  having  a  viscosity^  of  approjclmately  050 
at  210**  F, 

Viscosities  are  measured  at  130^.  F  for  all 
series  2,  series  8,  and  eories  9  oils.  All  other 
series  are  measured  at  2l0^  F. 

The  following  series  of  MS  oils  are  approveo^ 
for  use  In  naval  ordnance  equipment: 


Series 


Type 


1,  Lubricating  Oil,  Aircraft  Engine 

2,  Lubricating  Oil,  General^Purposes 

3,  Lubricating  Oil,  Cylinder,  Mineral 


GREASES 

Lubricating  greases  are  a  mixture  of  soaps  — 
commonly,.  calcSium  soap  or  sodiium  soap— -and 
lubricating  oils,'  The  oil , may  be  a  mineral  oil 
(petroleum  ba^eV  or  a  synthetic  oih 

.  The  purpose  of  the  soap  is  to  make  the  oil 
"stay  put"  at  the_gdlnt  of  application.  The  soap 
traps  the  oil  withih  Its  mass,  but  the  actual 
lubrication  Is  done  largely  by  the  oil  in  the  grease. 
The. heat  of  friction  "squeezes'*  the  sponge, 
melting  the  , grease,  and  releasing  the  oil  to 
perform  the  lubrication. 

Greases  are  classified  according  to  th^  kind 
of  soap  used  In  making  them.  Each  kind  of  soap 
has  specific  properties:  * 

Calcium  (lime)  soap  grease 'will  not  absorb 
moisture  or  emulsify  (separate  into  Its  original 
Ingredients).  Consequently,  It  Is  specified  for 
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general  Rubricating  purposes  where  beaiings  are 
exposed*  However,  calcium-soap  grease  has  a  low 
melting  point,  an^ji  is  not  suitable  fpr  hot- running 
bearings. 

Sodium-soap  grease /emulsifies  in  the  pre- 
sence of  moisture  but  has  a.hi^er  melting  point. 
It  should  be  protecfed  from  moisture.  It  is  used 
for  ball  and  roller  bearings.  , 

Other  .kinds  of  soap  bases  used  in  greases 
are  aluminum  soap  and  lithiuni  soap,  with  others 
added  to  the  list  as  found  Yjy  experimentation  and 
tests  at  laboratories.  ^ 

Graphite  grease,  as  the  name  implies,  contains 
graphite.  The  graphite  acts  as  a  mild  abrasive  to 
smooth  roughened  wearing  surfaces;  as  a  filler 
to  smooth  over  any  pits  in  the  surfaces,  and  ^s  a 
friction  reducer.  However>t>ecause  of  its  abrasive 
action,  graphite  grease  should  not  be  used  in  bear- 
ings that  are  in  first-class  condition— except 
under  high  temperatures  at  which  ordinary 
greases  would  be  destroyed.  Technically^  since 
graphite  grease  contains  no  soap,  it  is  classed 
as  a  lubricant  oil,  but  it  looks  and  is  applied 
like  other  grease.  Molybdenum  disulphide.  Spec. 
vMIL-M-7866,  Can  be  used  instead  of  the  graphite 
grease. 

Gear  lubricants  are  a  mixture  of  high- 
viscosity  oils  and  Just  enough  sodium  soap  to  eause^ 
•*jeilj'in^*\  6&ar  lubrlcaiKi  are  "Suitable  fjr 
hjKh  gear-tooth  pres^re  and  moderate  speeds 
where  the  design  of  the  case  is  such  that  ordinary 
oil  cannot  be  retained. 

As  with  oils^  the  viscosity  of  greases  varies 
with  temperature.  If  temperature  changes  make 
it  necessary  to  change  oil,  check  your  lubrication 
chart  to  find  out  whether  you  have  to  change  the 
grease  too.  ' 

ALTERNATES  AND  SUBSTITUTE^ 

If  the  lubricant  prescribed  in  the  OP  for  a 
piece  of  equipment  is  not  available,  you  ma>  fmd 
it  necessary  to  use  either  an  alterna,te  oi.  a  sub- 
stitute lubricant. 

A  substitute  lubricant  is  one  that  will  fill  the 
need  for  a  limited  time,  but  does  not  have  all  the 
essential  properties  of  the  prescribed  lubricant. 
As  soon  as  the  prescribed  lubricant  becomes 
available,'  all -of  the  substitute  must  be  r^nioved  ; 
from  the  equipment,  which  must  then  be  completely' 
relubricated   with  ttie  prescribed  material. 

An  alternate  lubricant  is  one  whos^  character- 
istics closely  resemble  those  of  the  piescribed 
lubricant  so'  that  its  removal  J s  not  necessary 
when  the  prescribed  material  is  available. 


Alternates  and  substitutes  for  prescribed  lub- 
ricants (as  well  as  for  cleaning  materials,  hydrau- 
lic oils,  and  preservatives)  are  listed  inODSOOO^ 
•  lubrication  of  Ordnance  Equipment.  ,,v 

If  none  of  the- listed  lubricants  is  available 
and  you  must  choose  a  substitute,  keep  in  mind 
that  the  substitute  should  be  as  near  as  possible 
to  the  specified  lubricant  in  lubricating  and  rust- 
preventive  qualities,  viscOffeity,  and  ability  to  with- 
stand the  temperature  ranges  of  the  equipment. 

In. brief,  when  the  prescribed  stuff  is  not  to  be 
.  had>  use  an  alternate  if  you  can,  substitute  if  you 
must. 

Breechblock  Lubricant  . 

Lubricant  MIL-L-16785  is  a  specif ied  mixture 
'  of  tastor  pil,  ^pec  JJ-C-86,  and  MS  21.35  oil  used 
to  prevent  galling  of  ,the  bearing  surfaces  of 
either  sliding  or  interrupted-6crew  type  breech- 
blocks. The  lubricant  is  applied  by  brxishing  or 
swabbing,  after  which  the  excess  is  removed. 
During  continuous  firing  operations, "the lubricant 
should  be  applied  frequently. 

LUBRICATION  INSTRUCTIONS  •      '  ' 
AND  CHARTS  •  ' 

Lubrication  instructions  are  issued,  for  ?l11 
naval  ordnance  equipment  requiring  lubrication. 
Such  instructions  may  be  issued  as  lubrication 
charts,  maintenance  requirement  cards,  instruc- 
tions, ordnance  publications,  or  combinations  of 
these.  It  is  the  policy  of  the  Naval  Ordnance 
Systems  Command,  whenever  practicable,  to  pre- 
pare lubrication  chjarts  with  complete  lubrication 
instructions  for  ail  equipment.  These  charts.are 
prepared  on  drawing  forms  with  drawing  numbers 
Assigned,  (fig.  14-1). 

Lubrication  charts  generally  indicate  the  ap- 
proved lubricants  and  related  materials,  points 
and  required  frequency  of  application,  and  the 
target  symbol  of  the  specific  lubricant  ^nd  re- 
lated material.  The  char^ts  also  contain  addition- 
al information  relating  to  lubrication,  draining, 
filling,  cleaning,  and  other  maintenance  functions. 

LUBRICATING  TARGET  SYMBOL 


Lubricantsto  be  used  are  identified  bytargerfc*. 
symbols' at  eacftsgoint  regiiiriog  lubrication  ,  (fig*^ 
14-1).  These  symbols  signify  the  type  of  oil  or' 
grease  to  used.  OD  3000  (latent  revision) 
identifies  the 'symbols  and  reflects  the  curteni 
changes  of  each  symbol.  The  target  symbols  ^ho\yn 
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on  figure"  14-1  are  numbered  and  indicated  diffe^ 
eftt  points  to  be  lubricated.  The  numbers  refer- 
ence the  namefe  of  the  parts  and  how  many  places 
on  each  part  require  lubrication. 

On  many  old  ordnance  lUbricatiOQ  charts  the 
lubricants,  listed  are  identified  by  superseded, 
cancelled,  or  replaced  specifications,  such  as, 
14G10  (ORD)*  shown  on  figure  1^-1.  As  statec}  , 
earlier,  all  lubricants  are  now  under  military 
specifications  and  carry  a  MIL  number*  To  cross 
reference  these  numbers,  refer  to  th^  target 
syixibols  shown  in  OD  3000,  make  sure  thkt  you 
have  the  latest  OD.  For  example,  the  bearlr^ 
grease  indicated  in  figure  1^1  by  the  superseded 
numbers  14G10  (ORD),  also  is  indicated  in  OD 
3000  by  the  intervening  number  MIL-G- 16908 
(BUORD),  and  now  carries  the  current  specifi- 
cation MIL-G-7711.  ^ 

XUBRICATING  TOOLS  ' 

.    Some  lubricants  are  applied  by  smearing  them 
on  the  Surfaces  to  be  lubricated,  but  you'll  most 
often  use  a  tool  (grease  gun,  oiler,  or  grease 
pump)  especially. designed  to  put  lubricant  into  ' 
the  equipment  throu^  a  lubrication  fitting. 

Greccse  Guns  '  *  '  ,  ^ 

'Grease  is  applied  by  a  grease  gun  or  pump 
"ttfrbugh  a  nozzle  that  is  designed  to  match  the 
fitting.     ^  .  .  ^ 

Although  ordnancS  plants  and  repair  shops 
have  electrically  or  pneumatically  powered  equip- 
ment, you  probably  will  have,  to  depend  on  your 
own  right  arm  for  power  to  operate  lubricating 
equipment.  In  this  section  ^e  shall  therefore 
•tak€^  up  only;  the  hanji-powered  lubricating' equip- 
TrnenTyou  are  likely  to 

There  ape  various  types  of  grease  guns  in 
-use  in  the  fleef.  One  type  uses  a  grease  loaded 
cartridge  refill  that  can  be  insertedin  the  grease 
gun  by  removing  the  cap.  This  type  gun  is  quick  . 
and  simple  to  load  without  a  mess.  Howev'er, 
they  are  a  bit  more  6xpensive  to  refill  than  the 
other  types.  Another  sl^le  being  used  is  loaded 
by  removing  a  cap.  that  comes  off  with  the  handle 
and  .etem,  and  filling  the  body  with  grease,  using 
a  paddle  or  spatula.  As  you  might  expect,,  this 
method  of  loading  can  be  messy,  and  it  also 
exposes  the  lubricant  to  dirt  and  moisture.  A 
faster  and  cleaner  kind  of  gun  <fig.  14-2A) 
is  loaded  by  removing  the  cap  nut  from  the  end 
-xrf  the  hollow  handle  and  forcing  grease  In 


tlirough  the  handle  with  a  hand  guh  loader  {fig. 
14-3A),  or  a  bucket- type  lubricant  pump^  (fig. 
14-3B).    '      ^      \  ^ 

the  hand  gun  -loader  is/a  25-pound  container 
equipped  .with  a  hand-operated  pump  and  fitting 
that  mates  with  the  opening  in  the  hdndle  of  the 
grease  gun.  The  bucketrtype  lubricarTt  pump 
makes  use  of  a  loader  adapter  and  loader  valve 
when  it  i^^  used  fo^  loading  a  grease'  gun.  One 
pound  of  lubricant  is  delivered  with  every  seven  . 
full  strokes  of  the  pump.  The  loader  will  deliver 
lubiicant  oi^ly  when  Ihe  gun  is  placed  on  the 
loader  valve.  You  can  see  how, much  le^s  messy 
the  loadei  is  than  the  paddle,  and  how  it  pro- 
tects the  lubricant  against  contamination.  Be- 
sides you  don't  have  to  run  back  to  the  store- 
room to  refill  your  gun.  ^  * 

Different  nozzles  can  be  attached  to  the  grease 
gun^  for  different  types  of  fittings.  Tlie  lubri- 
cant pump  also  has  various  couplers  and  aa!^t^rs 
that  attach,  to  'the  hose^  so  that  the  pump  can  be 
used  ori  different  fittir^s. 

, Grease  guns  can  be  used  for  oil. if  the  pdint  to 
be  lubrjcated  has  the  proper  fittir^,  or  an  oil 
gun  (fig.  14-2E)  piay  be  used. 

A  lever-type  grease  gun  (fig.  14- 2C  and  D) 
is  being  introduced;  it 'gives  more  positive  lubri- 
cMion  than  the  ^erk  grease  guti^  ^ 

When  you  need  id  apply  lar^e  quantities  of' 
grease  —  as,  for  example,  in  a  3' '/SO  roller  path  — 
a  grease  crun  is  too  small.  The  bucket-type  hand- 
operated  lubricant  pump  (fig.-  14-5B)  holds  the 
same  an:iOCint  of  grease  ♦as  ^e  hand  gun  loaQer, 
anfl  is  fitted  with  a  pump  operated  with  a  lever. 
It  has  a  10-foot  hose  with  a  hydraulic  T-handle 
adapter  and  a  ?p**,adapter  for  working' in  cramped 
spaces^'  With  this  pump  yoii  can  build  up  a 
lubricant-  pressure  of.  3,500  psi,  and  deliver  a, 
pound  of  lubricant -every  20  full  strokes. 

The  hand-operated  lubricant  pump  can  handle 
any  tyipe  of  lubricant  generally  required  on  naval 
ordnance  equipment  except  greases  of  calcium-, 
*soap  type.         ^        /  ,  -     /  • 

If  you  can  arrange  it,  use  several  grease 
guns  —  one  for  eacfii  type  of  lubricant  you  will 
need.  Then  you  can  save  time  by  takir^  care  pf 
all  the  fittir^  requiring  a  specific  type  of  luliri- 
cant  before  going  on  to  apply  the  next  type.  For 
example.,  if  you're  working  a  a  5'V54  mount, take 
care  of  all*  the  fittings  around  the  ^n  house. ^ 
that  require  MIL-G-7711  before  Working  on  those 
that  take  MIL-L-18486.  After  you^ve  finished 
with  the  gun,  rammer,  hoist  upper  end,  andjso  pn, 
lepeat  the  sequence  of  application  down,  in  the 
handlir^  room.  .  .    '  * 
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'    BUCKET  TYPE  LUBRICANT  PUMP 
0    •  ^ 


^  HAND  GUN  LOADER  ^ 


la-FTHOSE  WITH 
HYDRAULIC  COUPLER 


Uund-operated    grease,  pumps.  A.  Hand  gun  foader,  B.  Bucket-type 


83.121 
lubricant  punnp. 


If  the  numl->er  of  grease  guns  on  the  mount  is 
^lirmted,  M:  may  be  worthwhile  to  pool  the  grease  , 
guns  frun)  several  njounts.  Jf  §\en  tliat  is  im-. 
po&sible  and  >ou  are  obliged  to  use  one  gun  for 
mqre  than  one  lubricant,  be  sure  the  gun  is  as 
eniHt>  as  >ou  ctin  moke  it  before  adding  a  differ- 
ent lubricant.  Mixing  lubiicants  is  not  good  prac- 
tice. .  -  *  * 

KITTLVGS   ■       *  ' 

^.^;ea^i^  fittir^s  are  o'f  several  types  —  hydrau- 
rj-c  (unofficially  called  thp  Zerk  fittir^,  after  its 
inventor),  button-head,  pin-type,  and  flush  (fig.  ^ 
14-4).  •  .  .  . 

Ihe  hydraulic  fitting  protrudes  from  the  sur- 
face into  vthlcli  it  iiS  screwed,  and  has  a  specially 
shaped  rounded  end  that  the  mating  nozzle  can 
grip.  A  spring- loaded  ball  acts  as  a  check  valvfe. 
The  noiizle  will  not  slip  off  th^  fitting  during 
lubrication,  but  can  be, easily  disengaged  by  a 


quick  forward-backward  movement.*  Push-type 
(Zerk)  hydraulic  fittings  are  being  replaced  by 
commercial  button- head  and  pin- type  fittings 
which  proyide  more  positive  cormectlon  with  the 
grease  gun.  Figure  14-4,  part  A,  shows  a  cross- 
section  view  of  a  straight  hydraulic  fitting,  and 
part  C  shows  hydraulic  fittings  made  for  diffei-. 
ent  angles.  They  are  made  to  fit  most  any 
angle  with  different  threads  and  body  lengths. 

The*  oil  cup  with  ball  valve  (fig.  14-4F)  is 
^the  most  popular  type  fpr  oil  fittings.  ^ 

Whejn  using  a  gun  equipped  with  nozzle  for 
hydraulic-type  fittings  (fig.  14- 2A,  C),  just  place 
the  nozzle  on  Ihe  fitting  and  push  forward  on 
the  handle.  This  slips  the  nozzle  onto  the  fitting 
and  at  the  same  time  builds  up  h]^draulic  pressure 
in  the  gun,  forcing  the  grease  but  6i  the  nozzle^ 
Then  relax  the  presstrre.  A  spring  forces  the^ 
hfitndle  back,  ready  for  the  next  stroke.  Three 
strokes  are.  usually  pnough.  Only  one  hand  is 
needed  to  work  this  type  gun.  The  grip  acti  of 
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J 


NOZZLE 

oTYPE 
FITTiNC 

B.  ' 

*  STRAIGHT 
HYDRAULIC 


FLUSH  TYPE 
WITH  FLUSH  TYPE  GREASE 
GON  NOZZLE  INSERTED 


HYDRAULIC  FITTINGS 
FOR  DIFFERENT  ANCLES 


BUTTON-HEAD 
TYPE 


1.  First,  consult  the  lubrication  .chart  and  lo- 
cate the  fitting/ 

*  2.  Clean  the  fitting  carefully  with  a  lintless 
cloth.- 

3.  Apply  the  correct  amount  of  the  specified 
lubricant.  (Be  careful  of  the  amount-you  apply  — 
too  much  will  cause  excessive. heat  in  the  bearing 
and  strain  the  grease  retainers,  while  too  little 
is  on  a  part  with  too  Jate).  , 

4.  Wipe  all  excess  grease  from  around  the 
fitting. 

5.  Check  off  the  fitting  on  your  chart.  A 
fitting  must  not  be  missed  just  because  it  is 
battered  or  frozen.  A  battered  fitting  must  be 
replaced.  A  ''frozen*'  fitting  probably  means 
that  the  oil  holes  throughout  the  bearing  are 
clogged.  This^fctneans  tearlng'down  the  bearing  and 
cleaning  all  parts  carefully.  Grease  that  fitting 
even  if  it  requires  an  hour -of '  extra  work.' 

Plastic  prote'ciive  caps  Qften  are  pr.oyided  for 
use  on  hydraulic  fittings  to  prevent  the  Entrance 
ot  dirt  or  water,  and  to  jjrotect  the  fittings  dur^ 
ing4ce  removal,  painting,  and  similar  operations. 
The  c^ps  also  prevent  the  greases  fix)m  hardening 
in  the  fitting  during  the  long  periods  of  stowage.- 

AUTHORIZED  CLEANING  AND 
PRESERVING  MATERIALS 


PIN-HEAD  TYP^' 


OIL  CUP 
(BALL  VALVE) 


Figure  14-4.  — Lubrication'fittings. 


the  nozzle  coupler  holds  the  nozzle  firmly  to  the* 
fitting  until  pulled  free.  The  Zerk  grease  gun 
can  be  used  with  the  button-head  fitting  by  adding 
an  adapter.  '  '  .  * 

The  fldsh  fitting  (fig.  14-4B)  i«  flush' with 
(or  below)  the  surface  into  which  it  is  set,  so 
that  it  will  not  foul  moving  parts.  It  is  used 
also  where  there  is  not  sufficient  clearance  to 
install  protruding,'fittingsJ  The  flush  fitting  also 
has  a  ball-type  check  valve.  When  using  a  gun 
equipped  for  flush-type  fitttngs,  you  must  exert 
a  steady  pressure  against  the  *grease-gun  nozzle 
to  keep  it  in.  contact  with  the  flush  fitting  while 
pumping- lubricant  since  the  nozzle  has  no  grip 
.on  the  fitting.  Otherwise,  the  method  of  use  is 
much  the  sam^  as  with  hydraulic  fitting^. 

As  with  other  routine  Jobf ,  it  helps  to  have  a 
standard  operating  proceduxe  that  you  can  habi- 
tuall>  follow.  Here's  unc  that  a  ill  be  helpful: 
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As  a.  Gunner's  Mate  G,mostofyour  cleaning 
^  and  preserving  work  will  be  done  on  metal  sur- 
faces, principally  steel.'The  preset^yatiyes  must 
84.122   protect  the  metal  against  rust  and  corrosion; 
the  cleaning  materials  must  clean  the  surface 
before  the  preservative  is  applied. 

Rust  is  caused  by  the  slow  burning  (oxidation) 
or  iron.  When  iron  or  steel  rusts,  it  combines 
slowly  with  the  oxygen  in  the  air. 

Technically,  corrosion  is  not  exactly  the  same 
as  mst,  since  its  meaning  includes  metal  being 
e^ten  away  be  acid,  or  by  the  action^  of  salt 
water,- or  other  substances.  Rust  and  corrosion 
are  '  dangerous  and  destructiye  saboteurs  that 
attack  unguarded -metal  *at  the  Slightest  oppor- 
tunity. ,       •  ; 

The  way  to  protect  metal  from  nist  andl corro- 
sion is  to*  protect  it  from  the- air.  Paint  is  a 
g6od  protective,  but  many  metal  surfaces,  such  as 
moving  parts,  cannot  be  painted. 

The  lubrietots  used  on  moving  parts  aerve  as> 
rus^  preventirves  to  some  extent,  but.  often  Ithis^ 
protection  is.  not  enou^.  These  are  temporary  ' 
preservatives  for  protecting  metal  from  water  and 
weather.  Light  oils  and  greases'  are  applied  to 
>  exposeti  gun  parts  and  mounts  as  temporary  pro- 
tection against  cQrrosiQj^.  Bright  gf9ei  work,  such 

4  '  ^  ^ 
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^as  a  gun  Dreech,  should  hate  such  protection, 
51ushli^  oils,  available  in  several  grade?,  are 
provided  for  this  purpose,^  AU  old  oil  and  dirt 

^should  be  cleaned  from  the  part  and  the  surface 

thorou^ly  .  dried  before  new  oil   is  applied, 

Sonie  lubricants  (for  example,  priBservalive 

lubricatir^  oil  for  use  in  ^all  arms  and  light 

machine  guns)  have  preservative  additives  (rust 

inhibitors)    and    carf   serve  .for  short-term 

preservation,  but  NO  preservative  is^intended 

for  use  ds  a  lubricant. 

When  lubrication  is  not  desired,  thpre  are 

special*  preservatives   (permanent  type)  which 

may '  be  brashed  or  sprayed  on  the,  surface 

to  be  protected,  or  in  which  the  ^ small  parts  of 

a  mechanism  may  be  flipped.  Aftjex  treatment, the/ 

preserved  mechanism  cam*  be  stored  for  a  long 

period,   (The  length  of  time   depends  on  the 

characteristics   of  Jhe.  preservative,  the  kind 

of  storage,  etc,)'. 

-  A  rust  preventive -that  dan  be  used  either  to 
protect  exterior  "surfaces  or  (as  -when  pumped 
through  a  hydraulic  -system)  for  preserving  in-  ■ 
terior^'^surfaces,  tubes,  etc,  is  the  thin- film  polar- . 
type  compound,  wjiich  is  available  in  sereral 
grades,  Hard-fimx  compound,  Also  in  several 
grades,  is  for  - metal  ^xteriar  surfaces  only,  » 

Rust  preventives  are'  NOT  lubricants  and 
should  not  b.e  used  instead  of  lubricant$.  Before 
treating  metal  surfaces  with  rust  preventives, 
BE  SURE  TO  REMOVE  ALL  TRACES  OF  RUST 

,AND  CORROSION,  AJJD  ALL  OF  THE  OLD 
LUBRICANT,-      .  '  ' 

BE  SURE  'TO  REMOVE  ALL  OF  THE  RUST 
PREVENTIVE^ before  adding lubricantto  ordnance 
equipment  thathas  been  stored  with  rust^preven- 
tive  compound  coatiqg,  OP  1208  (latest  revisioh), 
Instructjon  for  Inactivation,  Preservation,  Main-' 
tenance,  and  Activation  of  Ordnance  in  Vessels 
in  an^  Inactive  Status^  gives   step-by-step  in- 

.  structions  for  removing  preservatives  f rpm  guns 
and  other  ordnance  ^uipment, 

OD  3000  contains  a.  chart  of  all  cleaning  ^nd 
^  preserving  materials^  authorized  for  use  on 
ordnance  materials.  This  OD.  contains  charts  that 
give  th.^  specification  numbdiy^charactferistics^ 
applications,  standard  Navy  stoclc  .number  and 
container  si^e,  and'  substitute^,  while  ttie  text 
elaborates  on  the  use  of  each  iteni.  Some  of  the. 
materials  will  be  described  briefly, ' 

Soap,  and  water  are  one  answer  lo  the  problem , 
of  removing  all  dirt  and  traces  of  old  oil  or 
.  grease  from  metal  surfaces^  to  be  treated  with 
rust'  preventives,  paint,  or  other  preservative. 
Wash  away  all  .soap,  then,  see  that^the  surfaces 
are  DRY,  and  finally,  apply  met  preventives 


(or  paint)  withoul  delay.  It's  sometimes  hard  to 
get  at  pockets  oV  cavitjfs  in  which  wa^er  collects; 
be  sure  they  are  not  neglected,. 

Dry-cleaning  solvent  (Varsol  or  Stoddard 
.  Solvent)  is  useful  for  cleaning  away  old  grease, 
-9jl,  and  rust  preventivesi^However,  it's  hard  on 
rubber  (use  soap  and  waiter  on  that)  and  It  iu^st 
not.  get  on  optical  lenses, ^Because  of  itSvirii- 
tating,  flammable  fumes,  it  should  be  used  onlj 
where  there,  plenty  of  ventilation  an^  where 
there  aye  fire  extinguishers  handy,  Diesel  fuel  or 
kerdsenfe  can  also  be  used  for  the  same  purposes 
as  dry-cleaning  solvent, 

\  Ehtyl  alcohol  is  a  good  cleaning  agent  foi  op- 
tical parts.'  .     ^  ' 

Rifle-bore  cleanei ,  .whioii  we  have  discussed  in 
connection  with  small  arms,  is  also  useful  for  re- 
moving powder  fouling  iri  largj3  weapons. 

It's  extreiiiely.  .important  to  clean  off  ever\ 
'  trace  of  cor^sion  before  ajpplying  preservative  or 
paint.  Once  it  has  started,  corrosion  can  con- 
-  tinue  even  under  a  coat  of  paint  or  pi^eservative, 

Lnght  traces  of  rust  can  be  removed  with  a 
.  polishing  cloth,  oily  or  dry,         '  ,  \ 
*     Iron-ryst  can  be  dissolved  but  the  materi^l^ 
u§ed  also  attack  the  metal,  so  rust  solvents  may, 
not  be  used  without  the  specific  authorization  bf^ 
the*  responsible  ordnance  offic'er.  If  ^t  is  neces- 
sary to  use  a  rust  solvent,  takeparticular  cateto 
remove  every -trace  of  the  solvent  after  it^has  re- 
moved the  rust,  Qtl^^rwi seethe  solvent  itself 
may  act  as  a  corrosive  beneath  arust-pi;pventing 
coat.  The.  correct  method  for  using,  these  rust 
solvents  (Metal  Conditioner,  MIL-M-1'0578,  Type. 
I,  for  unplatjsd  barrels;  Type  III  for  plated  barrels) 
is  given  in-OP  1208. 

When  using  abrasives  tq  remove  rust,  be  care- 
ful to  select  the  proper  ^t^e  (see  OD  30,00)  and 
use  it  sparingly,  /* 

NEVER  use  abrasives  without  ^permission 
from  the  proper  authority*.  Only  experienced 
persoiUiel  may  use  abrasives  or  wire-brushing, 
Carele^ssly  used  abrasives  can  do  niore  damag<^ 
than  rust.  A  fe\v  strokes  of  even  a  fine  abrasiv*^ 
would  destroy  the  accuracy  of  many  close-fi-tting 
paHs  which  are  machined  to  close  tolerar,*'  , 
aYid  would  lead  to  costly  replacements.  Alvv:3}s 
be  extremely  careful  to  keep  grit  from  getting 
Into  bearings  or  between  sliding  surfaces. 

Afte^  the  Viist  has  been  removed,  the  pirl^ 
must  be  thoroughly  cleaned  anddried.  Avoid Icav- 
-ing  your  own  fingerprints  oii^e  metal.  Cleaned 
surface's  should  not  be  touch^' b^  J)are  b'^nds 
fcefor^  the  rust  preventive  is  finally  appliec^. 

When  bxe  surface  is  clean  and  dry,  you  art 
ready  to  start  applying  paint  or  preservative.  The 
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official  instructiops  tor  painting  on  United  States 
naval  ships  are  found 'in  a  NAVSHIPS*  publication 
and  type  commander- instructions. 

^0#AGE  OF-  LUBRICANTS  \  ^ 

LubricMts   and  related  materials  may  be 
stowed 'for  long  or  short  periods  before  use.  Al- 
though they  are  relatively  stable,  they  are  not  in- 
ert, and  proper  stowage  methods  are  important. 

Many  factors  contribute  to  thedeteriorationof 
materials  in  stowage.  The  nature  of  their  con- 
stituents makes  them  more  or  less  susceptible  to 
chemical  and  physical,  changes,  which  are  ac- 
celerated by  elevated  temperatures,  humidity, 
exposure,  and  the  presence  of  certain  catalysts. 
Principal  physical  cftanges  are  separation  and 
contamination,  ^ 

Oxidation  is  tiie  most  common  chem'lcal  reac- 
tion'in  stowed  materially.  It  occurs  'when  the 
m^aterial  is  exposed  to  air,  particularly  mois,t 
*air,  and  is  accelerated  by  high  temperatures 
and  the  presence' of  certain  catalysts.  Materials, 
containing^  soluble  additives  may  deteriorate  by 
decomposition  or  precipitation  of  the  additive. 
'These  and  other  chemical  changes  can  produce 
sucti  harmful  sjubstances  as  acids^,  gases,  water, 
insoluble  gum,  and  sludge.  Animal  and  vegetable 
oils  are  generally  more  susceptible  to  chemical 
change  th^n  mineral  oils. 

,  Physical  changes  include  separation  of  oils 
-frorh.the  soap  component  in  greases,  and  separa- 
tion of  insoluble  additives  from  the  parent 
material  in  oils.  These  changes  may  not  be  as 
serious  as  chemical  changes  since  thorough 
mixing  may  restore  the  material  to  a  usable 
state.'  ' 

Rain,  nielted  snow,  and  water  vapor  in  the 
atmosphere  can  contaminate  materials  which  are 
exposed  or  improperly  sealed^  Water  y^ipoi 
trapped  in  the  contamer  prior  to  sealing  can  con- 
dense when  the   ambient   temperature  drop?. 

Generally^  containers  used  to.  package  ma- 
t^nali^  supplied  under  specification  requirements 
are  suitable  for  stowage  purposes.  The  effects 
of  overheating,  insufficient  ventilation,  and  prox- 
imity ^o  dangerous  materials  must  be  considered 
whejfi  ha*ndlii)g  and  stowing  lubricants  and  re- 
lated materials.  Good  housekeeping  in  handling 
and  stowage  areas  should  be  stressed  at  all 
times.     -  , 

Containers,  when  stowed,  should  be  handled 
^refully  to  .avoid  breakage.  If  they  are  slacked, 
overloading  of  the  lower^ones  should  be  aij^lded, 
as  this  may  open  seams  and  permit  i  lpSB|of 
material.  To  *  prevent  accumulation*  of  ^atei|  in 


their  upper  ends,  drunuS '  should  be  stowed  on 
their  sides. 

I^Ubricants  and  related  materials  should  !)e 
segregated  from  explosives  arid  other  dangero^is 
materials. 

Before  containers  are  stowed/ inspect  for  cor^' 
rosion,  leakage,  and  complete  closure  of  all  plugs, 
caps,  .and  covers.  J^emove  ajl  corrosion  and 

:  repaint  the  affected  are^s. 

During  stowage,  inspect  containers  frequently 
for  leakage  and  corrosion.  If  teste  indicate  that 
the  contents  of  leaking  containers  are  in  satis- 
factory condition,  the  materials  should  be  trans- 
fjerred  immediately,  to  serviceable  container's', 

.  Remove  and  destroy  leaky  containers. 

Inspect  stowage  arel^S  foi  adequate  drainage, 
foundations,  and  properly  placed  undamaged  tar- 
paulins. Correct  all  deficiencies  found  during  in- 
spection, immediately. 

Vapors  from  oils, greases, solvents, a nij simi- 
lar products  are  flammable.  When  combined  with 
air  in  certain  concentrations,  they  may  farm  ex-, 
plosive  mixtures  which  can  be  ignited  easily 
by  a  spark,  open  flame,  or  lighted  cigarette.  To 
prevent  ajccumulation  of  flammable  vapors,  stow - 
age  areas  must^  be  properly  ventilated.  To 
safeguard  against  fire  and  explosion,  display 
warning  Signs  prominently,  keep  oil-fire  ex- 
tinguishing equipment  available,  and  keep  fn- 
teriors  of  stacks  open  to  permit  entry  of  fire- 
fighting  equipment.  Use  spark-enciosed  fork- 
lift  truclTs  only,  / 

Flammable  material's  such  as  oils,  greases, 
and  solvents,  packed  in  met^l  contafnersoi  over- 
packed  in  fiberboard  or  wood  boxes,  are  best 
protected  when  stowed  in  special  nonflammable 
buildings.  A  temperature  range  of  40**  to  80^ 
Y  is  the  most  desirable  for  stowage^ 

When  space  is  limited,  it  may  ^be  necessary 
to  stow  lubricants  and  related  materials  in  a 
general  stowage  warehouse.  In  this  case,  use  end 
bays  whenever  possible. 

*  If  thelackof  indoor  stowage  facilities  necessi- 
tates stow^ing  materials  outdoors,  protect  con- 
tainers from  the  weather  with  tai^jaulins  or  sheds 
to  reduce  the  hkelihoodof  contamination  by  water. 
When  tarpaulins  are  used,  lash  them  in  place 
securely  and  position  them  so  that  air  is  free  to 
circulate  around  the  containers. 

Vapors  from  lubricants  and  related  materials 
may, frequently  have  a  toxic  effect  on  the  human 

i  system.  Take  every  precaution  to  prevent  exces- 

I  ^ive  concentrations  of  such  vapors  in  the  air. 

L      The  following  safety^ precautions,  should  be 

rr^bb^ii'rved  when  you  aie"*WQrking  with  m.iterials 

Fthattflave  toxic  effects: 
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1.  Provide  sufficient  mechanical  ventilation  to 
reduce  the  cpncentration  of  tojcic  fumes  to  a  safe 
.  level.  W:ien  possible,  ventilationshould include  an 
exhaust  'for  fumes  as  well  as  intake  ^or  fresh 
air.  *  • 

2$  When -a  safe  level  of  ventilation  istioubtful, 
workers  Jn  the  ""compartment  shcrurld  \vear  an  air 

♦  line  respiratoiy)rovlded^th  a  pureiair  supply. 

,  3.  Meriworking.in  a  compartment  wher^  fumes 
may  be,"  above*  a  safe  toxic  level  should  alwa5% 

*  worfe  in  pairs  so  that  one  man  remins  outside 
the  pompartnaerit  as  a  safety' wktch  at  all  tinges. 
The  man  Qutside  should^ have  a  respirator  so  he 
Won't  be  overconte  if  he  has  to  go  into  the  com- 
partnaent  to  bring  out  an  overcome  man; 

4.  Under  no  circumstance  is  1,1. 1-triehloroe- 
thane  (methyl  chlorpform)  to  be  used  in  a.clbsed 
compartment.  ,  .  , 

.  As  a  petty  officer  you  must  see  thiat  the  regu- 
lations are  observed  by  the  men  in  your  charge. 


ELECTRICAL  EQUIPMENT  MAINTENANCE 

Your  gjuns\are  under  director. control  for  tiie 
most  part,  locating  the  target,  sighting,  training, 
,  elevating,  artd  firir^  the  guns,  all  by  electric 
.  ppWer.  You  need  a  practicaUknowledge  of^how  to 
make  repairs^on  electric  wiring,  and  howtoniake. 
electrical  tests  of  your  gunnery  equipment.  Df 
course^  the  more  you  knpw  about  how  electricity 
works,  the  better  you  will  understand  why  repairs 
have  to  be  made  in 'certain  ways.  The  topics  in  . 
white  you  need  to  StftK^a  basic  understanding 
include:  principles  of  static  electricity,  series 
.  circuits,  parallel  circuits,  series-parallel  cir- 
cuits, magnetism,  electromagnetism,  electro^ 
magnetic  induction^  voltmeters  and  anameterfe^ 
generators,  d.c.  motors,  a.c.  motors,  transform- 
ers, firing  and  lifting  circuits,,  and  techniques., 
for  tinning  and  splicing  wires.  See  Basic  Elec- 
tricity, KAVEt)TRAlG086-B,fqr  an  explanation 
of  the  basic  principles  of  qlectrlcity,  and  of 
how  they  are  applied  to  such  things' as.  circuits, 
generators,  motors,  and  transformers. 

Basic ,  Electripity  has^illustraticJns  showing 
how  to  mate  different  kinds  of  splices  of  elec- 
tric wires  and  how  s^pDly  insulation  over  the 
spUcee.  Tgofs  and  Their  Uses,  NA  VEDTRA  10085^ 
B,  alflLO  hal  Instructions  for  soldering  electrical 
connections, .  and  shows  how  to  0trip  insulation 
from  elecrricwires  with  .a  knif0  and  with  side- 
cuttinjf  plfers.  '  .  ; 


i^corftain  the  wiring 
\hsice  they  look 
i;jBcogniaj 
trace  a  cii'cuit. 
Sketching,  NAVeDTRA 


^USING  WIRING  DIAGRAMS  -  .  .     '  ^ 

As  a  Gunner's  Mate  you  are  requj/fed  to  have  ' 
^  working  kqjftvledge  of  electricity  and  be  able 
to  trace  and. 'Identify' symbols  of  a  circuit  wiring 

'  dia^raJfi.  Tliese  diagi:ains''will  help  yoU  locate  the  - 
source  •  of  tfouble^  if  yout*  electric  Equipment 

^fails  to  operate  properly.  ^ 

The  OPs  foi;  yourj^mjE 
diagrams  that  apptj^ 
very  intricate;  yoil 
the  symbols  used 
Blue-print  Reading »  anc 

i0077-C,  contains  a  chaptef  on  electrical  axwJ^  ^ 
electronic  blue-prints;  tl|at  chapter  will  help  you  ^ 
a  great  ^ieal  in  reading  wirii^  diagrams.  The  ^'^ 
Symbols  used  have  been  a^opteS  by  the  Defe;ise 
Department,  and  all  branches  of  the  servicie  use    '  • 
'  them.  Military  Standard,  Electrical  Electronic 
Symbols,  MlL-STD-15  lA,  dated  1963,  lists  the .  ^ 
synibols  in  current  use.  If  the  cji'awing  yoU  are  \ 
using*  is  i>lder  than  that,  you  must  use  sLn  earlier  ' 
issue  of  MIL-STD  to  interpret  the  symbols.  The  * 
great  i|icrease  in  electr/cal  and  electronic  equip-  ^ 
ment      ship1x)aTd  made  revision  of  the  symbol 
systdm-necessary'.        ^'  , 

.  ^  Figure  14-5  shows  a  simple  schematic  type  of 
wiring  diagram.  A  schematic  diagram  shows  tjhe 
scheme  of^the  wiring  and  not  the  actual  place- 
ment of  "the  parts  in  the  equipment.  The  schematic  .  * 
diagram  is  helpful  in  troubleshootir^  because  the 
electrical  parts  ar^  plaeed  in  the  sequence  of 
operation.  In  figure  l4-5  trace  the  Circuit, begin- 
ning with  the  ship's  115-v  a.c.  supply.  This 
highly  simplified  representation  do^s  not  show  all 
the  switches,  etc.,  in  a  firing  circuit.  When  you 
can  trace  the'  Qircuit  on  this  simple  sketch,  try 
a  more  complex  one,  such  as  the  elevation^con- 
Iroljer  circuit  on  a  3"/50.  nioiint  (OP  1698). 
Then  try  a  wiring  diagram  (not  schematic).  The 
elementary  wiring  diagram  sihows  all,  the  ^res 
and  connections.  The  wiring  diagirttms  in  OPs 
are  usually  foldout  and,  to  trace  a  coniplete  cir- 
cuit, you  may  have  to  put  several  diajgrams  "to- 
gether. The  letter  symbols  us^dinthe  diagram  are 
usually  explained  ,in  a  Jegejd'  attached  to  ft  but 
you. need  to  be  familiar'with  some  common  elj^a 
trical  symbols  to,  interpret  even  the  simpraR 
diagram.  Basic  Electronics, i^A  VEDTRA  10087 -C, 
shows  most  of  the  comm9nly  uped  synibols  for 
elementary  wiring  diagrams.  Schematic  diagrams 
{onnerly  used  a  different  set  of  symboifi. 

As  mAitidned  before,  symbolb  have  been 
changed'  and  standardized  in  the  Jast  few  years. 
More  than  likely,  the  QPs  for  your  ^ns  will'have  ^ 
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Figure  14-5. -^Electric  firing  circuit  {schematic). 
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Jthe  old  symtx)ls  on  their  wiring  diagram^.  The 
changes^  in  symbols  are  nofiikely  to  cause  you 
confusion  for  long:  whethepMpr  MpTisused,  for 
example,  you'll  know  it  meani  MOTOR. 

TESTING  FIRING  AND  -     \f  > 

LIGHTING  CIRCUITS 

The  firing, circuits  of  your,  guns  have  to  be 

.in  perfect  V^rorking  order.  They  must  be  checked 
every  day.  Even  though  the  firing  mechanism  is 
freshly  cleaned,  the  continuity  aad  insulation  of  the 
firing  circuit  .must  be  tested,  ^or  this,  you  will, 
ujse  an  ohmmeter  or  a  megger  (megohmmeter), 
or  a  small  test  lamp.  The  continuity  ^nd  insula- 
tion of  the  circuit  can.  be  tested  without  loading 
and  firing  the  gujn^  byt' position  the  gun  in  a  safe 

.  dltrection  before  beginning  the  test.  Both  the 
motor-generator  circuit  from*  the  director,  and 
the  local  battery  circuit  must  be  tested  for  con- 
tinuity.' The  testing  meters  are  described  and 

•  illustrated  in  Basic  Electricity. '  • 

Continuity  Test      -   ,  ^ 

,^    Use  a  sm'all  test  lamp /(liteually  20 -volt)  which 

has  ,  two  insulated  leads  with  metal  tips.  H$lh  ,  «uxc*viwi»  wx^«^«wt,u.- v^^.v.^   .  . 

one  lead  against  the  terminal  of  the  firing  i^n  down  starts,  there  is  a  leak^  of  electricity,  | 
and  the  other  agafnst  any  *dryt  unpainted  met^|^..  which  further  byeaks  down  the'^  insulation;  until  ^ 
plirt,  on  the  slide  or  housing  (to  GROUND  fee''' ^  mere  is  ajground  ei*  short^  Use  a  megger  io 


lead).  When  the  firing  key  is  closed,  the  lamp 
should  glow.  On  the  motor-generator  circuit,  the 
lafhp  will  glow  more  brig^itly  than  on  the  battery 
circuit.  If  there  i^  no  glow,  there  is,  a  short  or' 
open  somewhere;  it  must.be  located  and  repaired, 
and  the  test^ade  again. 

An  piimmeter  can  be  used  to-  check  the  conti- 
nuity of  any  circuit  that  is  not 'energized*  When 
the  test  leads  lDf  the*  ohmmeter:  are  connected 
to  any  two  points  in  the  circuit,  the  meter  will 
indicate  the  resistance  between  those  points.  "The 
ohmmeter  contains  both  an  ammeter  and  a  battery. 
If  the  circuit  to  be  tested  has  continuity,  current 
will  flow  from  the  battery,  through *the  test  cir- 
cuit, and  through  the  meter.  The  meter  is  cali- 
brated to  show  the  resistance  of  the  circuit  under 
test.  Many  ohmmeters  have  a  choise  of  several 
ranges,  selected  l)y  a  rotary  switch,  so, that  the 
scale  ,  will  show  the  circuit  resistance  in  ohmS, 
or  in'thousands  of  ohms,  or  some  other  multiple. 

Insulation  T^t      '  *  . 

?  ^  ■ 

/  -     *  ^ 

•  .  !aii  circuits  must  be  given  a  ground  test  every 
day  as  a  check  on  the  insulation.  Moisture  and 
excessive  heat  are'  the  greatest  causes  of  in- 
sulation breakdown.- Once  the  insulation  treak-. 
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make  the  test.  The  meggers  usually  furnished 
to  ships  are  rated  500  volts. 

,  To  make  the  test,-attachoneleadofthe  megger 
to  the  'firing  pin  terminal  and' ground  the  other 
l^ad*  Tujtn  the  hand  crank'  of  the  megger,  at  thq 
rat(Bd  Speed. -(shown  on  the  instrument). -The 
needle  on  the  dial  should  point  to  at  least  1 
megohm,  If*tiie  reading  is  lower  ,  inspect  the  in- 
sulation of  the  firing  circuit.  The  insulation  failure 
is  mo^t  often  found  i^  the  firing  leads,  so  look 
there  first  for  bare  wire,  frayed  in^ulatjoh,  and 
or  grease  on.  the  insulation.  Always  inspecCfthe 
firing  leads,  regardlesiS^Of  tjie  test  results, ^fo 
niake'  sure  there  are  nc/kinks,  no  oil  or  gre.ase 
on'  the  insulation,  and  no  entanglement  with  oUier 
gun  parts.  Oil  or  grease  niay  be 'removed  by 
wiping  with  a  cloth  dipped  in  inhibited  1.1.1- 
Trichloroethane  (^pec.  O-T-620). 

CAITION:  Do  not  breathe  the  fumes  of  sol- 
yents.  Be  sure  thei*se  is  adequate  ventilation  where 
you  are  using  them*  .  .  * 

If  any  frayjed  *or  wo^^n  insulation  us  found,' 
splice  In  a  new  piece  of  insulated  wire.  Locate, 
if  you  can,  the  cause  of  the  excessive  rubbing 
against  the  wires,  and  remove  it. 

Testing  Percussion  Firing  Mechanism 

To  test  percussion  firing  on  Miase  guns,  you 
use  a  test  primer.  The' test  primer  fits  into,  the  * 
primer  hole  in  the  base  of  the  short  case  used 
for  testing.    ^  .      .  -  ' 

Here  is  how  the  test  is  made: 

1.  Position  the  gun  in  a  safe,  direction.  Re^ 
move  the  tomplon  or  muzzle  cover. 

' '  2^.  With  the  operating  handle  of  the  gun,  lower 
the  breechl)lock  all  the  way..  * 

3.  Insert  the  short  case /(with  test  primer 
mounted)  into  the  chaniber  and  ram  it  home  by 
hand.  '  ' 

4;  Depress  the  footf  firing  pedal.  You  should . 
hear«a  distinct  bang  as  the  test  primer  is  deto- 
nated. If  you  donH,  first  ,make  surd^that  the 
firing  cutout  is  not  the  cause  of  failure.  Do  this 
by  training  and  elevating  to  anqther  positiori'in 
which  you  know  the  gun  is  supposed  to  fire  safely. 
Then,  as  >ou  depress  the  foot  firing  pedal  watch 
the  firing  shaft  that  connects  the  firing  stop  mech- 
^ism  to  the  trunnion;  It  should  turn  as  the  foot 
firing  pedal  Is  ciepressed.  If  it  does,  and  the  test 
primer  still  dodsn't  fire,  you  have  a  malfunctionv 
Jn  the  firing  linkage      mechanism  to  deal  with.  - 

5.  If  the  prime:^  tests  OK,  open  the  breech  and 
remove  and  stow  the  case.  ^     .  '  . 


Test  primers  are  used  also  in  testing  electri- 
cal firing,  to  Siipplement  the  test  lamp  and  megger 
checks  desfcribed  above.  y  ^• 

i 

Testing  Lighting  Circuits  7  , 

*    >  ,  * 

You  kft^w  at  once  if  there  is^anytlfing  wrong^ 
in  a  lighting  circuit  — the  li^ts  go  out.  In  a  tur-^ 
ret  or  gun-mount,  tjie  men  at  the  different  stations 
need  to  report  immediately  if^any  14^  is  out. 
The  next,  step -Is  to  find  the  source  of  trouble. 
It  may  be  in  the  fus^box,  in  w^ich  case  you  just 
heed  to  replace  the  fuse. '(^lien  replacing  the  fuse, 
be^  sure  to  use  a  fuse  puller  ^  .the.proper  type 
and  size^or  that  particular  fuse.  ^  sur^  to 
replace  '£R|  fuse  with  one  of  the  proper'  rating).' 
If  replacing  the  fuse  does  not, remedy  the  trouble, 
look  for  loose  connections,  broken  or  frayed 
wires^  dirty  contacts,  acid  or  paint  on  the  insula- 
tion. Th^e  circuit  defects  not  only  cause  li^t 
failui^'  ^r  weak  and  flickering  lights*  but  are 
a  fire'hafai^d  and  should  be  repairecj  immediately. 
,The  wiring  diagram  can  show  you  the  location  of 
the  wirV  Dirt,  oil,*or  corrosion  at  a  connec- 
tion act  as>  insulation  and  reduce  the  amount  of 
electricity,^  that. can  pa^s  throu^^  and  thua cause 
a'liglit  t6  be'dim.  WITH  THEf-PDWER  OFF,  clean 
ahd^tij^ten  the.cont^icts,  Then  check  the  lights 
again.  If  t^placing  the  fuse,  and  cleaning  and 
tightening  all,  connections  does  not  remedy  the 
trouble,;  Uiere  must  be  a  short  circuit/  Breaks 
\TK  tife-.  wire  are  piost  likely  to  ocpur  at  sharp 
bends  or  kinks.  Trace-  the  wir^e  to  locate  tiie 
break,  and  repair  it.  Splicing  the  wire,  soldering 
the  splice,  and  tajiing  ^t  with  frlctibn  tape  are 
operations  that  you  shd^uld  be  able  to  perfom. 
The  methods  ai*e  descried  and  illustrated  in 
feasic  Electricity.         }  ~  -  ^ 

Splicing  1&  only  a  tjemporary  means /oT  r^alr. 
An^*  wire  that  is  damaged  shall  be  replaced.  In 
mariy  weapon Systems  .spatre  wires  are  installed 
in  a  systenf  to  provide  for  fas^pennanent  r^palr.^' 

♦  J'  .        ^   .  ;> 

hydj4aulic\equip^nt  majnteKance. 

,  You  Jiave  learned  .about  ,  basic  theories  of 
hydraulic  machinery  operation  in  Basic  Machines, 
NAV£dt^,10624-A.  Frequent  reference  has  been 
made  to  the  use  of  hydraulic  equipment  ip  other, 
chapters  of  Ihls  text.  Hydraulic  gear,. will  require 
a  good  deal  of  the  time  you  spend.gn 'maintenance, 
^ere  are  some  general  considerations  that  y^ouMl 
do  well  to  bear  in  mind  when  y.Qu*re  assigned 
to  take  care  of  hydraulic  equipment*  *  . 
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EXERCISING  AND  INSPECTING 
HYDR^iJLIC  GEAR  ^  ^       *  ^ 

.  .  When  your  hydraulic  system  is  .working  prop- 
erly, the  best  ws^y  to  keep  it  that  way  is  to  give 
it  a  ^orkqut  every  day.  This  worl^ut  shpuld 
•include  operation  in  all  types  of  control:" auto- 
matiCr  local,  .and  manual.  If  the  mdunt  isnH 
operated  af  least  daily,  Pie  valves  may  seat  a^d 
stick.  So  remember  — to  keep  it  in  working  trim, 
work  it.  In  cold  temperatures^,  ,the  ^hydraulic 
equipment  Aiay  tiave  ^  to  be  exercised  .as  mucft  as 
15  minutes  every  hour. 

Observe  ^all  safety  precautions  just^  as  if 
actual  firing'  were  taking  place  — keep  a  safety 
watch  posted  to  be  ^re  no  one  gets  in  the  way 
of  moving  machinery.^  * 
.  Even  with  filters  in  the  system,  w^er  should 
be  drained  ffom  law  portions  of  the  system  fre- 
quently..* The  OP  for.  the  equipment  has  diagfams 
of  the  hydraulic  systenx  which  show  the  location 
of  the  petcbckis.      .    .  - 

V.^nting  of  air  should  also  berfdone  frequently. 
Small  cocks  are  located  at  various  places  in  the 
hydraulic  system.  Open  the  cock  so  the  air  can 

escape;  when,  the  flc^S^  ofjiquid  becomes  steady,   *  , 

close  the  cock.  Do  this  with  each  venting*<a>©lr  so  the  moment  ygu  get  air  into  a  hydraulic  system, 
in  tl;e  system.  *  .\  *  •  *  •  you  change  the  whole  characteifqf  its  t>peration. 

'  iPetcocks  to  check  the  oil  level  in  fhk  supply 


When  all  (jthe  old  bil  is  drained  o^t,  you'flush 
th.e  system  -with  the  same  fluid  the  system  nor- 
mally uses  (unless*  otherwise  specified,  in  the  OP 
or  OD).  NEVER  FLUSH  THE  SYSTEM  WITH 
KEROSENE  or  diesel  fuel  dil.  Some  of  it  will 
stay  in  the  system  and  dilute  oil.  Besides,  kero- 
.sene  contains  some  components  that  Will^ corrode 
metal  parts.  N9te;  Fluid  MIL- F-i7111  is  specified 
as  power  transhiission  (hydraulic)  fluid  arid  is 
used  in  most^of  the  Hydraulic  systenis  employed 
with  ordnance  ^uipment. 

'  You  can  use  the  same  flushing  dil  "over  and 
over  again  to  prevent  waste.  ^ 

When  refilling  a  system,  remember  two  things; 
First,*  use  only /the  oil  specified*  by  the  OP;  and 
second,  alwaygr  filter  the  oil  when  putting  it  in 
^the^  system,  even  thou^  you"' ar^  pouring  it 
directly  from  the  original  contaijier*  A  filter  is 
often  provided  with  the  spare  paftsr^'Use  it. 
Even  a  little  dirt  or  lint  can  cause'  plenty  of 
trouble  —  enou^  to  necessitate  complete  disas-^ 
•sembly  and  cleaning  in  extreme  erases. '  ^/  ^ 
*  It's  just^  alwut'  impossible  to  pouaf  ^11  into  a 
hydraulic  system  without  trapping  ffpmSe  air.  Air 
is  the  natural  enemy  of  any  hydrauli^  gystefti^  It 
is  one  of  the  most  compressible  thii^gf  there  is. 


tanks  should  be  checked  daily.  Checking  the  oil 
level  is  the  first  thing  you  do  when  anything  seems 
wrong  with  the  hydraulic  system.' Read  and  record 
pressure  shown  on'pressure  gauges  inthe  system. 

Note  any  leakage  6i  oil.  Report  leakage  that 
is  more  than  seepage  around  joints  and  valves. 
If  there  is  excessive  leakage,  around  oil  seals, 
disassembly  is- necessary  to  replace  the  seals. 
You  will  need  the  applicable  OP  for  instrudtions 
m  disassembly  and  reassembly.  Consult  wiOj.  your 
chief  on  such  repairs. 


you  change  the  whole  charactei^  _ 
Therefore,  any^time  you  fill  a  hydraulic  systeni, 
you  mu9t;VENT  it  .qarefully.  Vent  plugs  at  Jii^ 
points  should  be  left  open  duri%  ftlling  until  it 
is  necess^ary  to,  close  them  to  prevent  oil  flowing 
but; 

You'll  find  .detailed  procedures" ;for  venting, 
each  type  .of  equipment  inthe  OPon  me  equipment, 
but  here  are  some  helpful  l^intst  th^r^pply^in 
most  casesi.    '  .  *^    \    '    <^       ^  * 

Generally,  air- vent  poii^Jtre^  built  into  ttie' 
equipment  at  high  points  in  th^'s^sFem.  Thebaic 
procedure  fs'to  open  the  vents  and  fu^i ihe  equip- 
ment slowly,  until  ydu  canH  see  any,niore  bubbles 


The  hydraulic  system  of  any  naval  gun  is  too. 
complex  to  give  details  her6;  you  need  the  OP  for  ^.^.cpmlng  from  the  ' vents.  Then  close  .  the  vents 
your  gun  to  become  familiar:  with  it.  "    '  "  ^'^  briefly,  and  gradually  step  up  fl\e  speed  of  opera- 

•   -V  "        '       tion,  opening  the  yentis  ouqb  in  a  while' to  let 


DRAINING  AND  REFILLING- 
HYDRAULIC  EQUli>ME>lT 


out  trapped 
down 
jvithqut 
/Is  out. 


*air. 


When  the^uipment  settles^ 
to  operating  smoothly  y nder  all  conditlMS, 
it  knocking,  you  ^  can  sBsume  thatrthqPair 


When  it  )>ecomes  necessary  to  drain  the  entire 
hydraulic  -sy'Stem'  of  an  pquipm^ent;  warm  up  thej-g^-^x .... 
power  transmission  fluid  (hydi^auftc  oil)  by  operj/  F^TERING  HYDRAULIC  OIL 
ating  t3re  equipment  for  an  hour  of  two.  Then  let 
the  fluid  drain  out  completely.  OncQ  you  start 
drainlng,.;dp  not  operate  the  equipment.  Do  not 
discard  the  oil  unless  you  have  been  specifically 
told  to  do  Sometimes  ll  Is  passed  through 
the  f  Ute?  bne  or  more  times  .and  reusedl     ^  , 


Before  flllinfe  a  hydraulic  system  or  replacing 
fluid  after  flushing,  the  fluid  'lo_W  placed  in 
the  system  must  first  be  stralnlfthrou^  a  No. 

(74  micron)  sieve  or,  preferably,  a  finer 
sieve.  No.  400  (37  micron),  to  reni<ive  me  coarse 
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vpartioles  thai  may  tx*  |^>iesvnl.  A  37  rtiicron  filter 
wiiri-er^ovc  partit-Us  us.-smdil  as  O.OOlS  inch.  In 
addition,  it  icyoinm^ndtjd  that, the  fluid  be 
pumpejci  through  a  |>orta!^o  filtering  device  with  a 

^  self-contaiiivd  pump  <:uch  us  that'  illustrated  in 
figure  14^6.  ^rhis  procedure-^  is  especially  re- 
commended ^or' ^hydraulic  equipment  containing 
servo  or  othci"  .sysieins,  and  having  valves  or 
other  controlfs^wjjh  close  lolerange  parts.  Care 
should  t)e  taken  tc^  lisa  the  proper  filter  element 
to  prevent  the  removalof  additives.  Where  micro- 
nic  type  filters  are  5;pecificd  for  hydraulic  equip- 
ment, a  10  micron  filter  eltMnenfmay  bemused. 
These  filters  use  r*  plaeeal)ie  elerne'nts  of  cellu- 
lose, felt,  or  fTther  fibrous  niaterials  and  are 
cnpable  of  fiit;  ating.out  pai  tides  of  6.0004  inch 
or  less.  *  *     -       •*  •  ,  ' 

Types  of  i- liters        ■  •  , 

The  types  of  Jilte'rs  are:  mUailic  or  mechani- 
cal (including  wire  sereen  stf^inei^,  absorbent- 
inert  (contain  ^\lllor^<;  farthf,  anH  absorbent- 
inacti\^e  (oontun  l^ilUi'r  t  ;rth  and J^th*er  clays). 

"  boine  flH^  !  '^  '^^illed  in  tl^' system  so 

the  ,h^'yiU  -^^  »  ^  Ot<T<d"ConnnualIy  as  it 
circur^s^  (f  11  lov  ^  liters;  a  by^^ks^  filter 
filters  only  ir^U  M'ih<  oil).  The  filter  packs  of 
these  units  ix^conie  ^  fo^*  d  and  must  be  remove'd 
•  and  cleaned  or  new  ni  ks  installed,  OD  3000 
describe/:  and  liii.^hutes  a  self-cIe^ing  metal 
plate  filter;  wjih  ie||hiee.iye  filter' elements,  and 
a  Gompre^4«  1I-d]^^.^i.t  ')f  fiitej.,  The.iiltering 
elements  '  of  the  l  ompressvd'-dif^c  ^ype  can  be 
i;9moved  for  chMhing.  PraeticaUy  all  filter^have 
a  drain  i^liig  foi  itiri  'wil  nf     dujient  water. 

'STAHTIN(;  A  N'RVK  OR 
REPAlKIvp  SVSTCAL- 

Aftor  a  rcpan  or  n  plaeeinent  has  be^lV^l^adfe^ 
in  a  hydrauUrv  ?\?tVF?i.  or  when  stailihg\tJip*a  . 
new*  system  f6>  the  time,^  set^the  cojuVols 

at  neutral  andsl;M^l4ir  motor,  AUo^  the  s^spem 
to  run  foi  10  juo'  .i.  rit-utral.  The  ciifcul^tlor 
will.f^  b'li.Al  li  ^tL  n\  Ictkage  through.  th€ 
valve- l)lock  ports  Jind  \n\st  v*alve^'%irfac^s.  Hqw-\ 
ever,  it  will  reniove  particles  that  might  other- 
wise* Ciiilse  scoring. 

After  this  injn,  exjtmine.the  screens  or  filter^; 
If  there's  any  evide^iee'  of  foreign  matter ,*-drain 
the  system  and  .refill 
"  N^t^mtil  thv  filtti 
tion  fjo  ^ou  5taii  my. 


PRESSURE 
•     . GAGE 


COVER 


i  liiiain  clean  after  opera- 
ig  the  controls  gradua^y 


to  build  up  sReed  and  j&wer.  Watch  for  symptoms 
of  valve  sticking,  and  fqr^  leaks.  At  the  first 


HOSE,OUTLET 


V      r  J  5.17(84A) 
Figure  14-6.  —  Pqrtable  filter  equij)ment.  ^ 


si^  Of  such  conditions,  stop  operations,  find  the 
trouble,  and  remedy  it.  Don't  try  to  ''workout'' 
stiffness,  lag.  Vibration,  or 'any  other  trouble. 

The  oii  bf  all  hydraulic  systems  should  be 
checked  at  least  one  monthly  (new  installations, 
dailyHor  evidence  of  acidity  and  sludge. 

\Vhen  drawing  test  samples  at  drain  points,  in- 
spect for  water  and  for  evidence  of  rust.  ^ 

If  there's  evidence  of  acidity,  water,  or  rust 
and  sludge,  drain  the  system  and  fluslj  with  clean 
hydraulic  oil.  .  '  .  . 

|GASKETS,  OIL  SEALS, 
ViVND  PACKING  RINGS  ^ 

Leakage  of  fluids,  from  hydraulic 'sy^stems  is 
objectionable  and  must'bemini.mized  by  using  gas-' 
ketsi  seals,  and  packing.  The  types  of  sealing 
lised  in  hydraulic  systems  vary  .  d'  ngn  and 
ma^^aU  Seals,  gaskets,  andpa^^^^  signed 
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to -perform  a.different  type  of  sealing  function  de- 
pending on  the  type  of  equipment.  Packing  and 
seals  are  used  to  seal  opening  around  moving 
parts  against  fluid  leakage.  Gaskets  are,  used  to 
seal  joints  of  nonmoving  parts..  . 

Types  of  Sealing  Materials  * 

Some  of  the  materials  used  for  gaskets  and  oil 
seals  are  neoprene,  oil-treated  paper,  cork,  an- 
nealed copper,  and  leather.  The  selection  of  gas- 
kets and  Oil  seals  depends  on  the  type  of  oils,  used 
in  a  system  and  the  functions  and  type  of  equip-  , 
ment.  Two  of  the  most  common  types  of  oil 
seals  used  m  hyuraiilic  systems  are  the  Garlock 
and  the  copper  molded  ring  sea^  The  Garlock 
seal  IS  used  on  rotating  or  reciprocating  shafts 
where  there  is  little  hydraulic  pressure.  Copper 
molded  ring  seals  are  used  mainly  with  flange 
fittings  subject  to  high  pressure.  ^ 

•Packing  used  in  -hydraulic  system?  is  used 
is  seal,  around  shaftftig  and  valve  stems  which 
are  either  rotating  or  sliding  parts  of  the  equip- 
ment.  There  are  three  different  types  of  packing 
used  in  hydraulic  system:  the  chevron  packing  to 
seal  a  'unit  tighter,  a  packings  is  used 

as  a  seal  in  a  groove  of  a  flange  fitting,  and  a  rope 
packmg  IS  used  in  a  stuffing  box  aroimd  stem^ 
of  simple  valves.'  For  a  better  understanding  ol 
the  purpose  and  types  of  sealing  materials  used  in. 
hydraulic  systenjs  study  Fluid  Power,  NAVEDTRA 
16193-B.  • 

WORKING  WITH  HYDRAULIC 
PtPE  AND  TUBING       -  -    '    .  .^l 

Preparation  and  Cleaning 

Whenever  hydraulip  equipment  is  delivered 
aboard  ship,  it  ha's  all  the  openings  closed  with 
shipping  covers  or  plugs.  Keep  these  plugs  in 
place  until,  inimediately  before  you  connect  them 
with  their  mating  parts;  Wait  until  all  the  dirty 
work  on  the  equipment  is  finished  and  cleaned 
away  before  yoii  make  such  connections.  When 
you're  overhauling  a  unit,  plug  ai? piping,  ports, 
•  and  othf  r  openings  as  •soon  as  they  have  been 
disconnected.         •  .  * 

New  pipe  is  also  shipped  plugged  to  exclude 
dirt.  Although  it's  rpresumabljr  clean,  it  must  be 

^  recleaned  before  it  is  assembled  ipto  the  system. 

'New  pipes  are  cleaned  with  acid  solution  to  re- 
move oxides,  but  this'  cleaning  is  normally  done, 
before  the  pipe  or  tubing  is  brought  aboard.  Check 
the  intertor     ,the  pipe  by  running  a  clean  rc^ 


'through  it^  If  it  is  not  clean,  use  a  metal  cleaner* 
recommended  in  OD  3000.  ' 

Next,  soak-^he  pipe  for  lO  minutes  in  BOILING 
WATER. 

^  Then  turn  a  high-pressure  stream  of  fresh 
•doid  water  throu^  the  pipe,  and  dry  itthoroughly 
afterward.  Be  careful  not  to  leave  threads  from 
your  drying  rags  in  the  pipe.  *  , 
Finally,  seal  both  ends  of  the^  pipQ  until  it's 
ready  to  install.  Always  oil  steel  pipes  after 
cleaning  to  prevent  j:nsting. 

Observe  the  following  precautions  \s^hen  using 

•  organic  solvents:   ,  '  ^ 

Observe  ventilation  and  fire  precautions  per- 
taining to  organic  solvents.  Keep  acids  and*  alka- 
lies off  ^kin  and  ,clothing  "and  wear  gogfeles  ta 
protect  your  eyes.  . 

'  NEVER'POUR  WATER  INTO  ACID -the  n:iix- 
ture  will  boil  violently  and  may  explode.  Always 
pour  the  acid  into  the  Wfiter.  ' 

If  acid  does  splash  into  your  eyes,  or  onto^ 
your  body,  W^H  THOROUGHLY  AT  ONCE  withk 
clear  cold  ^val^r.  It  is^wise  to  head  for  sick  bay^ 
.  immediately  after  you  wash  off  the  acid. 

Adids  should  be  handled  or  used  only  in  glass  ^ 
or  lead ^  container^.  Wear  goggles- and  rubber 
gloves  when  yoir handle  acids  or  work  near  them. 
Your  clothes  wilT  last  longer  if  you  wear  a 
rubber  ortusbestos  aprom  ^ 

' '    :      ,  '    V  ^ 

Making  Bends 

All  tubing  should  be  accurately  bent  and  fitted 
so  that  you  donH  have  to  spring  the  tube  ii^ 
place.  Hi^-pressure  tubing  which  has  a  length 

•  greater*  than  lOO  diameters  should  be  supported 
by  brackets  or  pipe  clamps.  Otherwise  excessive 
ylbra'tion  will  develop. 

The  piping  and  tubing  normally  is  furnished 
with  the  correct  bends  in  thenv,  but  it  is  possible 
to  bend  ^them  aboard.  ..The  pipe  fitting  shop  is 
equipped*  to  make  the  bends  on  larger  pipes, 
but  you  can  make^  them  on  the  smaller  sizes. 
Review  Tools  and  Their  Uses,  NAVEDTRA  lOqBS.-B, 
.  on  the  use  of  external  and  internaLspiiiigqto^ 
.  benders  for  making  bends  in  soft  tubing  (Sucfi  as, 
cQpper)  l/4-inch  to  5/8-inch  in  dfametef .  Larger 
copper  pipe,  thin-walled,  up  to  l-l/2-inch,  may 
be  l>ent  hot'.Vrtien  packed  with  dry  sand.  The  Hull 
Technician  is  qualified  to  do  this  wo^k.  Differ- 
ent materials  require  different  treatmeat.  If 
the  metal  is  over-stretched,  on  the  outside  of 
the  bend,  the  tube  will  be  too  weak  to  withstand 
tjie  pres6ure^:Q]|^hydraulio  system;  a  "wrinkle** 
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bent  too  s)farply  on  the  inside  bend  will  break 
the  metaU 

Cutting  and'  illjireading 

Pipe  and,  tiibe  cutting  is  a  fairly  simple  op- 
eration. The^  to^s  most  frequently  used  are  a 
hacksaw,  pipe  cutter,  tube  cutter,  or pxyacelylene 
cuttir^  torch.  Refer  to  Tools  and  Their  Uses 
for  illustrations  and  methods  of  using  the  first 
three  tools.  The  Navy  supplies  two  sizes  of  pipe 
cutters,  wjilch  are  used  on  pipes  or  tubing  over  , 
l/4-inch  inside  diameter.  Tub.e  cutters  are.simi- 
lar  to  pipe  cutters  but  are  ujsed  to  cut  tubing  l/8- 
inch  to  l/4-inch  in  diameter. 

All  methods  of  cutting  tend  to,  le.ave  burrs  on 
the  <5ut  edge,,  especi^ly  on  the  inner  rim  of  the 
pipe  or  tube.  Remove  theburrs  with  apipe  rqamer 
or  a  file^      •     /  ' 

After  you  have  cut  the  pipe  length  you  need,, 
it  will  requite  threading.  Pipe  threads  *  taper  to 
provide  a, tight  fit  for  the  pipe  connection.  Ex^ 
temal  threads  are  cut  with  a  dle^and  die  stock.  . 
Cutting  tiireads  on  the  inside  of  the  pipe  is. called  . 
tappings  and  is  done  with  a  tap  and  tap  wrench*  A 
pipe  vise  is  necessary  to  hold^the  pipe  securely 
while  you  work  onii^  •         .  - 

The  chapter  on  cutting  operations  an  Tools  and 
Their  Uses  has  instructions  for  cutti^  both  in- 
ternal and  external  ttireads  on  pipes.  It  contaltis 
tables  of /6ize^  of  pipe  ^d' pipe  tap  drills.  An- 
other table  gives  you  the  length  of  thread  required 
to  give  a'tt^t  conne<?tion  on  .each  size  pipe.  Rer 
view  the  chapter  on  mea^Urli^  If  you  need  ta 
refresh  ydur  memory  onhowto  measure  pipeslze.* 
It  is  Important  that  you-  select  the  correctslze  of 
tap  01?  die,  .and  the  ^e  tools  are  In  good  condition. 
Pipe' threading  Is  ajireciseoperatlonan^youtnuflt 
be  careftil  or  yoiiUl/make  chipped  or  Imperfect 
threads,      •  V' 

Making  Joints  and  Connections         ^        >  - 

For  threaded  joints,  perfectly  cut  threads  af/5 
essential  for 'a  ti^t  Joint.  There  must  be\no 
dirt,  chips,  etc.,  on  the  threads.  Wlrebrush^fie 
threads  to  remove  any  such  material,  and  ?^ish 
vidth  a  jet-  of  afr  under  pressure.  Elim^prate 
.friction  to  make  assembly  easy,  but  place  the  Iju-  * 
bricant  or  pipe  dope  only  on  the.faiale  threads 
it  will  not  squeeze  into  the  jfipe.  Make  the  last 
few  turns  with  a  wreflth,  but  donH  try  to  force 
the  Joint  with  an  oversize  wrench.^  '  ^ 

,  Flanged  joints  are  often  made  with  gaskets. 
Be  sure  ypu  have  (fye  size,  fibape>  and  material, 
.specified  for  the  joint.  AUparts  must  be  clean  and 


free 'of  any  dirt,  particles  or  gilt.  "'If  there  Is 
preservative  .on  the  flar^  faces;  wipe  It^off  with 
a  s'plvent-jSOBked  rkgijf'The  flange  faces  must  he 
in  perfect'alignment,' Insert  two  bolts,  diametric- 
ally opposite,  axtd' set  them  up  fairly  tl^t.  In- 
sert other  paifs  of  bolts  similarly  until  all  are 
set,  then  tighten  all  of  them,  using  th.e  specified 
torque.  ^  '  * 

.^^Tlen  making  up  connections,  tubing  should  not 
welded,  brazed,  or  sqldereji  unless  the  design 
calls  for  it.  Such  connections  make  proper  clean- 
ing difficult  or  impossible.  If  a  joint  is  gasketed, 
the  Inner  diameter  of  the  gasket  must  be  cut  back 
to  prevent  the  gasket  nlaterlal  from  fraying  Into 
the  systenu  Threjidfed  joints  which  require  cement 
should  be  seated' at  least  three  turns  before 
cement  is  .applied- and  then  use  the  cement 
sparingly^  ^  ,       ^    ,  ' 


REPAIR  EQUIPMENT' 

Each*  punner's  Mate  G  must  be  familiar  with 
the  techniques  and  tools  required  to  maintaQn, 
repair,  ,and  adjust  ordnance  equipment.  He  must  toe 
able  to  select  the  proper  general  purpose  tools 
and  special  tools  and  know  the  safety  rules 
appXiaS)le  for  their  use.  Repair  equipment  tools 
can  toe  classified  as  follows: 

^    1.  General  purpose  handtools  ,  * 

2.  Power  tools       .  » 

3.  Measuring  tools  and  gauges 

4.  ' Torque  tools 

5.  Special  tools 

HANDTOOLS  '  .    x  \ 

General  purpose  fiandtools  are  hand-powered 
and  hand-operated.  They  are  designed  to  perform 
me^chanlcal  operations.  Examples  of  typical  handf. 
tools  are  hammers,  screwdrivers  and  saw.  Gen- 
eral  information  atoout  ^andtobls  Is  In  Tools  and 
^  Their  Uses,  NAVEDTRA  10085-B. 

POWER  TOOLS  *  '  '  '    \'  ' 

*  « 

Power  tools  can  either  toe  electrically  or  pneu-- 
matlcally  powered  and  are  hand-operated.  They' 
are  designed  to  save  time  and  mahpower.*'Ex- 
ainpies  of  power  tools  used  by  the;  -Gtinner^s 
Mate  are  soldering  gute,  electric' drills,  and* 
pneumatic  grinders.  , 
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MEASURING  TCiOLS  AND  GAGES 


Measuring  tools^  and^  guges  are  ,  used  for 
measuring  and  foi  la>out\\'ark»Accuiate  nua^^uie- 
ments  are  essential  for  piopei  fitting  and 
trouble-free  equipment  Opeiatix»n.  Measuring 
tools^  and  gages  range  fronri  a  simple  ruler 
to  a  highly  accurate  micrometer.  Tools  and 
Their  Uses  gives  a  detailed  discussion  on  all 
t>pes  of  measuring  tools  andgagts  which  includes 
the  comoion  steel  rules,  cahpei  s,  micrometers, 
Uial  indicators,  feeler  gages,  and  depth  gages. 
When  stud]^ing  Tools  and  Their  Uses,  pa>  par- 
ticular attention  to  readir^  micrOrAeteis  and  how 
to  make  feeler-gage  leadings.  These  two  measur- 
ing tools  are  used  for  testing,  .checking,  and 
adjusting  man>  types  ofelectrical,iiiefthanical  and 
hydraulic  units  used  with  oidnance  oqiupment. 

TORQUE  WRENCHES 

There  aie  times  when,  for  engineering  rea- 
sons, a  definite  pressure  must  ^je  applied  to 
thieaded  faSteneis  (nuts  and  bolts,  as  the>  aie 
commonly  called).  This  pressure  can  properly 
be  applied  Ijy  a  torque  wrench.  Prgper  torque 
aids  the  .locking  of  all  types  of  thread  locking 
fasteners.  After  tightening,  nuts  aQjl  bolts  are 
,  hejd  b>  the  static  friction  of  the 
•head  against  the  surface  of  the  i 
"held  together  and  the  f nation  on 

the  nut  and  bolt  aga 


fri6tion  is  caused  by  the  clamping  force  created 
l)y  a  slight  stretching  of  the  bolt  wiien  the  nut 
is  tighteded. '  The  metal  being  slightly  elastic 
will  pull  back  towards  its  original  (dimensions 
creating  large  clamping  forces.  Excessive  tight- 
ening will  cause  fhe  metal  to  pass  ttfe  limit 
of  elasticity  and  cause  a  permanent  stretch. 

The  principle  of  torque  ,is  based  on  the  funda- 
mental law  of  the  lever,  that  is,  force  times  dis- 
tance equals  a  moment,  or  torque,  about  a  point* 
Torque  is  often  called  a  torsional  or  twisting 
moment.  It  is  u  moment  which  tends  to  twist  a 
body  i\,bout  an  axis  of  rotation.  If  a  common  end 
.wrench  is  used  to  tighten  a  bolt  for  example,  a 
force  times  a  distance,  a  torque  is  applied  to 
o\ercome  the  resistance  of  the  bolt  to  turning. 

Figure  14-7  shows  three  torque  wrenches,  the 
deflecting  beam,  dial  indicating,  and  the  micro- 
meter setting  type.  The  deflecting  beam  w^lch 
operates  on  the  deflecting  beam  principle  is  pro- 
bably the  simplest  and  most  common  type  evolved 
from  the  three  principles  listed  In  the  preceding 
paragraph.  The  primary  component  is  the  beam  or 
measuring  element*  It  is  alloy  steel  and  may  be 
round,  double  round,  straight  flat,  of  tapered  fla|«. 
To  onq  end  of  tjie  beam  is  attached  a  head,piece 
constaimng  the  drive  square  (tang)  and  fixed  pointer 
mounting.  A  yoke  is  attached  to  the  other  end. 
Mounted  on  thq  yoke  Is  the  torque  scale  handle  and,^ 
when  pj-ovided^  the  signaling  mechanism.  As  a 
force  is  applied  to  the  handle,  the  beam  deflects 


MICROMETER 
SETTING 


OEFUECTING^BEAM 


ERIC 


Figure  14-7.  — Torque  wrenches. 
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wife  the  seale.  The  pointer  remains  fixed,  hence 
a  torque"  is  indicated  on  the  scale. 

The  toysion  bar  or  rigid  case  type  wrench,  also 
shown'  in  fig..  14-7,  has  its  actuating  element  en- 
,  closed  in  a  rigid  frame  with  a  removable  access 
'  coyer.  The  deflecting  beam,  used  in  some  rigid 
case  wrenches,  is  similar  to  th^at  explained  above. 

The  third  torque  wrench  shown  is  the  micro- 
meter* se^ji^^^j^,^  To  useti^emicrocaeter  setting, 
type,  unlock  the  grip  and  adjust  the  handle  to  the 
desired  setting  on  the  micrometer  type  scale, 
then  relock  the  grip.  Install  the  required  socket 
or  adapter  to  the  square  drive  of  the  handle. 
Place  the  wrench  assembly  on  the  nut  pt  bolt  and 
pull  in  a  clockwise  direction  with  "a  smooth, 
steady  motion.  • 

There  a»  several  different  .types  of  tog:tiue 
wrenches,  buLall  of  them  have  two  basic  parts  — 
something  thai  will  deflect  with  the  load  and  some- 
thing to  show  |iow  much  the  sensing  element  has 

deflected.  4 

The  torque  ^sv;renc^  should  be  calibrated  fre- 
quently. One  th^hasnH  been  recently  calibrated^ 
and  isn't  normafty  stored  in  its  protective  case  ^ 
is  a  dangerous  %ol.  You  can't  e:qject  to,  get  a 
meaningful  readir^  fzpm  a  pre'cision  instrument  • 
which  has  been  abused.  The  flat  and  round  beam 
types  .will  normal^?  give  true  jreadings  as  long 
as  their  pointers  indicate  zero  and  the  drive  heads 
are^  ti^t.  Because^  this  type  can^be  kept  in 
calibration,  they  a&  recopamended  for  ship- 
board use.  \  , 

<Other  type  wrenche]^  that  indicate  by  means  of 
dial  mdicator  or  by  releasing  or  signaling  when  a 
preset  load  is  reached  are  mQre  sensitive  to 
shock  and  dirt,  hence  should  be  calibrated  when- 
ever possible.  A  minimum  of  30  days  between 
calibration  is  recommended.  Never  check  one 
torque  wrench  8^nst  another^ 

Atx  important  point  to  remember  is:"Always 
use  the  proper  size  wrench;"  the  one  with  the 
desired  toraHe  near  the  3/4  mark  bl  full,  scale. 

When  torquing,  the  critical  maneuver  is  the' 
application  of  force  to  the  wrenclf  handle.  It^ 
must  be  applied  slowly  and  evenly  until  the  * 
desired  torque  value  is  floated  on  the  wrench 
scale.  When  installii^  a  unit  which  is  circular 
or  hai3  more  than  one  side,  'the  bolts  should  be 
cross  torqued.  Jt  may.  be  necessaiy  t6  cii)ss 
torque  two  to  three  times  before  an  even  torque 
is  reached,  but  be  sure  the  maximum  torque 
is  not  exceeded. . 

Nuts  and  bolts  should  be  ti^tened  to  the 
tprque  reading  required  byihe  Installation  draw- 
ings. The  formula  often  used  is  that  torque  in  foot- 
\  I)^inds  is  0.2,  times  the  bolt'^diameter'tlmes  the 


desired  bolt  load.  A^'lc^ad  of  about  60  percent  of 
the  yield  stress  of  thf^  bolt  material  is  used  for 
most  naval  applicationj^.  .However,  bolt  load 
varies  depending  upon  Whether  the  jaolt  or  stud 
is  used  to  support^the  ^'load  itself  or  to  hold  to- 
gether two  load  supporting  members.  Installa- 
tion drawings  will ,  indicate  the  torque  value 
specified  by  the  designer.  1 

 ^If  ^e  bolts  are  lo;^l^i^  tension,  the  torque 

must  be  great  enough  to  maintain  ti^tness 
\^en  the  assembly  is  unloaded  and  not  so  large 
that  Ihe  bolts  yield  under*  load.  With  this  type 
of  loading,  all  bolts  must  be  equally  torqued  to 
share  the  load.  r 

•  NOTE:  Always  inspect  for  clean  li^tly  oiled 
threads  and  clean  surfaces  before  torquing.  Dis- 
card all  hardware  with  burred  threads;  For  more 
detailed  information  on  the  use  and  care  of  torque 
wrenches  refef  to  NAVSHIPS  Technical  Manual, 
Chapter  9090.    .  ( 

SPECIAL  TOOLS  _ 

Special  tools  are  us^  only  for  one  purpose  and 
only  on  one  type  of  equipment.  They  are  supplied 
tjy  NAVORD,  and  instructions  for  their  proper 
use  are  previded  m  publications  applicable  to  the 
specific  type  of  equipment. 

NONSPARKING  TOOLS 

Nonsparking  tools  ^re  common  handtools  and 
special  tools  made  from  nonferrous  metals  (metal 
not  containing  iron).  These  tools  are  used  by 
the  Gunner!s  Mate  wlien  working  on  or  around 
e;q)losives.  These  tools  are  generally  made  from 
a  copper  alloy  (bronze).  However,  they  may  be 
made  from  other  nonsparking  lAaterials.  Since 
these  tools  are  made  from  a  relati^ly  soft 
material,  care  must  'be  exercised  when  using 
them  to  prevent  breakage  or  distortion  of  the 
tool.  Nonsparking  tc^ls  should  be  stowed  in 
separate  tool  boxes  and  should  not  be  used  as 
common  handtools.  '  '  , 


RULES  APPLICABLE  TO  • 
REPAIR  TOOLS  BEFORE  A  JOB 


Pi 


Before  a  j6b  is  started,  all  work  procedures 
should  be  planned  and  the  proper  tools  selected' 
to  coipplete  the  job.  Tools  not  actually  needed, 
for  a  job. should  be  properly  stored  in  tool, 
boxes  or  tool  lookers* 

The  quality  ind  tyj^e  of  all  tools  shall  conform 
with  Navy  standards. 
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All  tools  in  active  use  must  be  properly  main- 
tained."Defecti(ve  tools  may  not  be  used.^ 

Portable  electric  and  pneumatic  tools  must 
^be  kept  in  the  best  condition  possible.  These 
^  tools  shcJuld  be  checked  frequently  by  the  tool- 
keepers  for  defective  switches,  electric  cords, 
control  valves  and  hose  connections. 

To  increase  lever^e,  extensions  to  tool 
handles  niay  not  be  used.  ' 

.  PRESSURE  GAGES 

Pressure  gages  are  used  frequently  in  con- 
junction with  ordnance  equipment.  Accurate  pres- 
sures are  necessary  to  obtain  proper  operation  of 
hydraulic,  pneumatic,  and  nitrogen  accumulator 
systems  used  in  ordnance  equipment.  Pressure 
gages  also  are  used 'with  hydraulic  test  kit§  and 
magazine  sprinkling  systems*  These  gages  are  the 
means  of  accurately  measuring  pressures  its 
pdunds  per  square  inch  (psi).  Pressure  gages  are 
used  in  weapon  systems  to  measure  hydraiilic 
fluid  pressures  (Oil  gage),  magazine  sprinkling 
system  pressure  (water  gage),  counterrecoil 
system  pressure  (air  gage),  and  accumulator 
systems  pressure  (nitrogen  gage). 


The  two  /most  common  types  of  gages  used 
v^ith  ordnance  equipment  are  the  Bourdon  and  *  . 
Schroeder  pressure  gages.  The*  theory  of  oper-*    Gleaning  Gear 
ation  of  these  gages  is  explained'  in  Fluid  Power, 
NAVEDTRA  16193-B. 


Care  of.  the  bore"  and  chamber  ijs  no 
one-a-year  or  once-a-month  matter.  They  must 
be  cleaned,  dried,  and  inspected  before  firing; 
then  cleaned,  inspected,  and  oiled  weekly.  They 
must  be  gaged  periodically,  and  the  bOre  must . 
be  decoppered  when  necessary.  > 

Maintenance  of  the  bore  and  chamber  is  an 
important  job— not  ordinarify  a  very  difficult 
one,  but  one  that  must  fie  dbne  in  the  way  and 
at  the  tim^s  required.  In  ypur  basic  training 
you  learned  the  proper  methods  for  caring  for 
.your  rifle  and  pistol.  Chapter  4  of  tfiis  mammal  told 
you  how  to  care  for  other  small  arms  weapons. 

Frequent  reference  has  been  made  throughout 
the  book  of  the  need  for  keeping  your  guns  cleaned 
and  lubricated.    '        ,  * 

;  TOOLS  USED  i'  .       '  1 

With  the  exception  of  one  or  two  small-arms 
weapons,  for  which  maintenancje  tools^ are  usually 
issued  separately,  every  naval  gun  is  equipped 
with  certain  basic  maintepance  tool&and  acces- 
sories. Larger  guns  and  mounts  are,  of  course, 
equipped  with  more  elaborate  sets  of  tools, 
But  all  sets  include  as  a  mininJUm  the  implements 
that  are  required  for  caret  of  the  ^pre  and 
chamber.  .  '        ^  >  ^ 


Following  are  some  jJrecaUtions  to  be  observed 
when  using  pressure  gages. 

1,  Do  not  allow  pressure  t6  remain  on  gages 
that  are  permanently,  installed  in  hydraulic 
systems.  ^     .  •  . 

CAUTION:  Nevef  use  an  oil  gage  '  for  testing 
air  pressure,  nor  an  air  gage  for  testing  oil 
pressure.  A  diesel  action  may  occur!  Diesel 
action  is  the  ignition  of  oil  by  air  which  causes 
combustion. 

2.  Never  use  a  gage  on  any  system  in  which 
the  maxitnum  pressure  exceeds  *the^  maximum 
designated  range  of  the  gage. 


MAINTENANCE  OF  GUN  BORES 
AND' CHAMBERS. 

Every  gun  used  in  the  Navy  has.  a  bore  and 
chamber.  Taking  care  of  ^  them  is  one  of 'the 
tijpsi^dntie^  of  the  Gunner's  M^te  G,. 
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The  bore  and  chamb^^  maintenance  tools  and 
'accessories  issued  for  the  5"/54  are  typical  of 
such  implements',  the  bristle  sponge,  and  the 
wire  bore, brush  with  the^ sectional  handle  and 
the,  lappir^  head, -are  .the  basic  cleaning  instru- 
ments. •  .   '  ' 

The  ^sectional  handle  is  ^  wooden  rdd  with; 
couplings  at  'both  ends  that  can  be  fitted  either  tOv 
similar  couplings  on  other  sections,  or  to  bore 
maintenance 'tools  like  lapping»heads,  gages,  etc. 
Ift  the  5"/54  set,  there  are- several  ,oJ  these 
sections  supplied  s6  ttat,  by  joining  one  to  the 
other  you  *cah  make  a  pole  of  any  appropriate' 
length  for  the  job  at' hand.'  The' number  of - 
sections  supplied  wKh  anygun»makes  accessible 
*any  part  jof  the  bore. 

.  The  bristle  sponge- is  a, 'cylindrical  brusli 
used  for  cleaning  the  bore  and  chamber*  It  fits .  ' 
onto  the  end  of  the   sectional  Efendle.  Wten 
♦stowed,,  ft  is  covered  with  a  canvas  protecting  * 
c.ap.  '  ,       ♦  «         '  ^ 

The  lapping*  head^  is  a  .cylindrical  block  on 
which,  can  be  mounted  four  removable  sprinjg- 
loaded  segm'ents.  It  is  intendedi)nly  for  relatively 
slight'  constrictions. 'In  stubboJn  cases  you  will 
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Figure  l4-8.  —  Checking  for  bore  constrictions.with  bore  plug  gag?. 


need  to  use  the  ^wire  bore  brush.  Its  stiff  steel 
^wire  bristles*  are  effective  in  all  but  the  very', 
worst  cases.  .Do  not  use  the  wire  brush  on 
chromium  plating*in  barrels. 

The*  tompion  is  used  to  keep  4irt  out  of  the  ^ 
gun  bore  and  chamber.  It  is  not  used  when  there 
is  a  likelihoo'd  of  condensation  forming  in  the^ 
barrel  \yith  muzzle  plugged.  It  is  also  not  used  in , 
.war-time,  when  there  might  not  be  time  to 
remove  it  before  finng.  Someti'm'es  plastic  dr^ 
canvas  covers  are  used  over  the  rnuzzle;  the^ 
guns  can  fire  through  them  if  necessary  (unle^^ 
heavily  ice-coated  or  if  supersensitive  nose  fuses 
are  used).   ^-  '  ,  'y* 

Gages 


If  . ..the  chromium  plating  in  the  chamber  cff 
bore*  appears  pitted,  ttie  weapons  officer  will 
decide, if  it*  is,:bad  ehough  to\ne^d  replaffng. 

PREPARATION  FOR  FIRINQ-. 

.    To'pTep^i'e  the'  gun  for  firing,  the  bore  and 
"cb^mber  i^st  be  inspected  and  cleaned.  Removal 
of  lubricayit  ^  aiid  muz:^le  cover  or  tompion  are  ^ 
but  some  of  th§^  operations  in- the  "preparation 
for  filing.  \..  ' 

Remoyi'i^  the  muzzle  cover  or  tompion  is  • 
easy.  Td  clean'  but  the  bore,  however,  the  lubri- 
rcant  coating  must  be  Wiped  away.  In  small  arms, 
as  you;  rpmfethber,  thiQ  is  done  with  a  cleaiiing  ^ 
rod -^and  a -patch.,  ^n  '^arjger  guns^  you 'xlsCJbe; 
sectional  handle  instead  of  a  cleaa^jhig  rod/'*|i|ttl 


The  bore  plug  g^  shown  in  figure  14-8  ^  .clean  toweling  Wr^fp^  around  the  brlsfle^ sponge 
is  a  metal  cylinder,  accurately  machined  6p  that, ^  in  place  of  the^p^^tch.  But        ''^^^  ^^^oA^v 


shown  in      —  ^  ^  .  ^  . 

Df  the*  i^tch.  But  the  idea  is  exactly 

thesame.  \  "         ^•  "  .  / 

'  Tbesp*  instructionfe  apply  to' 'fans  that  have- 
.been'in  use  and' were  given' after-firing carewhen 
Vast  used.  If  .you  are  pri?pa3?ing  a,  gun  barrel 'that 
has-been  taken  from  stora^^  br  if 'it  is  a  new 
one,  you"havemuchmdrewofktodo*Tti0  prfeserv- 
ative  ^  ufeed  on  .  new  or  ^,  stored'  'ba^crels  t^^, 
be.  remo^^d  with  dry-clfeaning  solvent,  VIkkn] 
every  bit 'c^  ^  pre^vatlye  has, been  remdyedj 
all  the';  golv^rit  mnst  ixs; -wiped  out  of  th6  gun^^ 
,(SeaGt>  1208);,  i^•    i  '     '  ♦  .  .^1 

CAUTION:  Ol^exyp  ventilation  aijd  fire  pre^. 
caution  rules  wlfe.n  u$ing^di5^*pleaning  solvent. 
liemenib<5rialso  'liiat  solvent'Cl6^ryii%  and  Irri- 
nutating  tQ^M;^  skin  and  deStructty^  to  rubber  ^a^^^ 
■■^hliBulatiOEu '  .  '       f  \  '^^ 

w«x«^,   seefk  inademiately    ^    .Aft^r-firiiig  care  is  mpre  elabo;ra^.  tharf'pre- 

cleaned  areas,  pitted  areas,  riisfor  corfosion..'    fifir^' care;  Every  timo  KPfP  is  ^o^®^,^ 
deformed  land§  or,  rifling  gropves.' cradk$,  or     besides  the  cartridge  cage  . i§.leftt)emnd.I^posi^ 
other  deviations.  A  bore^^searpherMs  used:  on^    of  corrosive  sUttg  (powder  ftmW'aj^ 
20-mm  and  iargertguns.  Look  for  cbrroslon  at  -^"""interior  nf  tfefe  bpre  .and  chamber.  As  th^,  rifU^ 
the  muzzle  end  caufeed.by  salt  sprajf.     ,  cuts  intbr^e  prpje6tile  rot^t^te'baiidV  '$ome*of- 


It  just  passes  throiigh  the  bore  when  the  gun  is 
new.  After  the  gun  has  been  put  to  active  use, 
constrictions  may  develop  'in  the  gun  bore.  The 
bore  plug  gage  is  used  to  locate  these  constric- 

.  tiona.  The  gage  shown  in  figure  14-8  is  the  type 
used  in  large  caliber  guns.  On  guns  o£  5-in(Jh 
or  smaller,  the  bore  plug  gage  fits  onto  the  end 

^of  a  sectton  handle  in  the  same  manner  as  the 
previously  covered  accessories. 

^  ..The  bore,  erosion  gage  . is  used  ^n  the;  gun 
barrel  to' ineasure**the  amount  of  erosion  of  the 
metal  caused  by  firing,  ; 
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Visual  inspection  6: 
precedes  and  follows  c^eai 
of  course,  is  very  helpful. 
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the  rotating  band's  metal  is  left  behind  as,  a 
deposit  of  copper  in  the  bore  (metal  fouling  or 
copper  fouling).  Both  kinds  of  deposits  are 
harmful  and  mast  be  remDved.  Powder  fouling 
causes  corrosion.  Copper  fouling  causes  liarrov/- 
ing  or  constriction  of  the  bore.  Constriction  \v|ll 
*Qause  poor  performance  of  time  fuzes  and  in- 
crease dispersion  of  projectiles. 

Steel  constrictron  is  mDst  likely  to  ocpur  in 
guns  with  steel  liners.  If  it  resists'  removal 
by  lapping  arid  polishing^  you  have  a  job  for  a 
repair  instalTatioii,  Steel  constriction  can  cause 
.  the  barrel  to  burst  if  the  gun  is  fired  without' 
removing  the  constriction.  It  is  not  a  deposit 
of  metal  like  copper  fouling,  but  ife  caused'  by 
shoulders  pf  the  liner  overriding  those  of  the  tube, 
forcing  the  walls  of  the  liner  inward. 

The  first  problem  in  after-firing  cleaning  is^ 
the  removal  of  powder  fouling.  Method  J  uses^ 
Rifle  Bore  Cleaner,  MrLTC-372;  Method  2  uses 
soda  ash  —  water  solution  to  dissolve  the  propel- 
lant  residues.  Method  1  is  used  on  small  afms, 
20-mm  and  40-mm  guns,  and  sometimes  on  3"/50, 
3"/70,  and  5''/54  guns.  It  is  "the  method  to  use 
where  it  is  impractical  to  rinse  with  water,  or 
where  water  would  cause  damage,  as  on  electric 
wiring.  Swab  the  bore  and  cnamber  with  the 
bristle  bore  sponge  or  a  patch  saturated  with 
rifle  bore  cleaner.  Then  wipe  out  with  Solvent, 
P-D-680,  Type  1. 

^ethod  2  for  cleaning  gun  bores  isjased  for 
larger  guns,  thougl]  rifle  bore  cleaner*nia>  be 
us?d.  The  large  quantit>  of  cleaner  required 
raake^  the  soda  ash— water  solution  preferable 
"from,  an'ecdnomy  standpoint.  Make  a  solution  with 
1  pound  of  Soda  Ash,  O.S»-571,  per  gallon  of  hot 
water.  Saturate^,  the  bristle  bore  sponge,  and  * 
sponge,  ouj  the  bore  and  chamber.  Follow  with 
a  rinse  of  fresh  hot  water. 

CAUTION:  Keep  soda  ash  solution*  off,  adjacent 
mechanisihSs  It  must  not  be  used  to  clean 
aluminum  or  aluminum  allo>  parts  or  zinc-base" 
die  castings.  '       .       '  ,  ^ 

After  either  cleaning  method,  dry  the  chamber 
and  bore  thoroughly  with  the  bristle  bore-  sponge 
wrapped  in  clean  toweling*.  Be  *$ute  to  get  into 
all  crevices;  "compressed  air  may,  be  used  for 
these.'  Then  proceecl  with  these  steps: 

1.  Gage  the  bore.  If  i\  tests  OK,  go  on  to 
step  3.  K  the  bore  gage  does,  not^ass  freely, 
rfeporf  it  to  your  leading  petty  officer,  .or  use^ 


the  bore  gage..  Repeat  lapping  if  necessary,  or 
.use,  other  methods  of  removing  the, constriction, 
as  directed.  When  the  bore  gage  passes,  rinse 
qui  the  bore  and, chamber  with  fresh  hot  wat^er 
and  dry  thoroughly  with  the  brastie  bore  sponge 
wrapped  in  clean,  toweling.  IT  IS  FORBIDDEN  TO 
f  IRE  THE  GUN  UNLESS  THE  BORE  GAGE  jijAS 
'  BE^N  PASSED.  ^  ^  / 

•  3.  Apply  a  coating  of  the  prescribed  oil  to  the 
bore,  using  an  oil-soaked  cloth  wrapped  around  the 
bristle  bore  spong.    »  * 

4.  Secure  ^e  *gun  and  install  the  tompion 
or  muzzle  cover. 

Ulien  Vou^'anspectljthe  bore  after  cleaning, 
you  ma>  see  diark  patches  or  rings  called  sm^ke 
rings  discoloring  parts  of  the  bore.  These  are 
not  serious. 

Areas  adjapent  to  the  breech  should  be  cleaned 
of  propellant  residue  by  scnabbing  or  wiping  with 
the  rifle  bore  cleaner,,  then  wiping  with  solvent, 
followed  by  thorough  dr3ang. 

*  Method  2  cleaning  (s.oda  ash  — water  solution) 
may  also  be  used  on  *unpainted  surfaces  of 
deflector  paltes,  shields,  guide  port  shields,  blast 
shields,  launching  rails,  guides,  and  other  compo- 
nents of  rocket  launchers, projectors, antimissile' 
launchers  on  which  the  use  of  this  method  is 
appropriate.  Danger  of  getting  water  into  complex 
equipments  an4  wiring  will  determine  whether  you 
fZBLXi  use  this  method  on  this  equipment.  It  must 
not  cbe  used  where  the  solution  might  be  trapped 
in  bolted  or  riveted  assemblies  or  subassemblies. 

Weekly  Maintenance       ^    '  , 

Weekly  maintenance  ife  principally  concerned 
with  inspecting  the  bore  and  chamber  to  find 
signs  of  corrosion,  and  renewing  the  coating  of 
oil.  Decopperirig  and  gaging  may  also  be  done  ^t 
the  time  of  weekly  Inspection  althou^  they, are 
usually  a  p||rt  of  the  beforehand-after  firing 
routine.  Weekly  maintenance  is  particularly 
important  during  periods' when  the  gun  is  not  being 
fired  every  x^y. 

GAGING    '  •    .  ' 

The  plu^^ge,3es|aribed' earlier,  is  used  with 
guns  3-lnch  £ttid  iflrger  for'dj^tecting  constriction 
of  the  borei^ATtejj^ttie  bore  has  been  cleaned, 
attach  the  ga^^io  ttfe  extended  sectional  handle 
and  pass  througji  the  muzzle  until 

It  clears  thfe.fibambeir  ejidj  If  it  passes  throu^ 


the  ^rejappirtg  head,  depending  on  the  standard' ,  sm»DOthly,  tht^re  ^  not  constricted, 
operating" procedure  in  your  divisjoni  If  the  l^e^^^ias  ^en  constricted  by  copper 

^  2^/Vter  using  the  bore  lappii^  head,  on  the  fouling  or  d^jrtioi>  of  tls  surface,  the  gage  will 

constriot^on,  wipe  o^f  *  the  bore  and  again  try  not  pass.  'Ae^  nextJ^Btep  is  Jta  mark  the  part  of 
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the  sectional  handle  that  is  flush  with  the  muzzle 
end  to  locate  the  Qonstriction.  Then  draw  but 
the  remove  it  from  the  sectional  handle, 

and  attach  the  lapping  head^in  its  place.  .'Push, 
it  into  the  gun  bore  up  to  the  mark  yovi  placed  on 
the  handle,  and  rotate  it  in  the  constricted  area. 
Use  the  cylindrical  segments  for  the  land^  and 
the  Rifled  segments  for  the  grooves.  A  mixture  of 
pumice  and  oil  .may'  be  used  as  an  abrasivei 
Continue  lapping  untiUthe  bore  gage  will  pass  ' 
freely.  NEVER  try  to  force  the^age  through  the 
bore;  it  may  stick,  with  damage  to  both  tore 
and  gage.  * 

On  guns  8-inch  and  larger  .the  plug  gage  is 
too  mussive  to  be  conveniently  managed  with  a 
sectional  handle.  Instead,  it  is  drawn^  through  the 
bore  with  line.  , 

The  plug  gage  is  the  gage  you  will  use  most 
m  maintenance  ofgun  bores.  But  are  other 
gages,4oo— headspace  gages,  breech  b6re gages, 
and  star  gages.  ^ 

Information  about  the  t^es  and  uses  of  ga^es 
is  in  system  OPs  and  ODs. 

Decoppering^  ,  ' 

We  have  already  described  the  use  of  lapping 
heads  and  a  .fine  wire  brush  (0.003  in  wires) ^to 
remove  copper  deposits  In  gun  ^barrels.- If  the, 
constriction  is  not  removed  after  a  few  trials, 
with  the  lappi'r^  >ead,  the  decoppering  head  may 
be  ifefd.  These  are  mechanical  or  abrasive 
methods. 

Firing  decoppering  shots  is  another  method  of 
removing  copper  deposits.  (It  may  not  be  used 
for  guns  with  liners)'.  Your  chief  will  help  you  in 
preparing  special  decoppering  rounds  \^en  the 
weapons  officer  thinks  it  advisable,  to  use  Ihem. 

If  there  is  metallic  lead  1^  the  prppellant, 
there  is  much  less  copper  fouling  when»the  round 
Js  fired.  However,  the  lead  causes  flash,  and  the 
more  lead,  the  brighter  the  flash,  which  you.don't 
want.  To  keep  the  flash  tp  a  minimum,  the  lead 
in  most  charges  is  kept  to  a  minimum.  Propelling 
charges  now  being  manufactur^ed  contain  lead 
salts  for  decopperlr^  effect.  Eventually,  every 
shot  fired  will  be  a  decoppering  sfiot. 

Another  possible  method  of  removing  copper 
deposits  from  gun'  bores  is  with  chemical 
solull^)ns*  However,  these  are  not  approved  fo^ 
*  use  aboard  ship  so  this  method  will  not  b^ 
described  herfe.  It  Is  giVen  in  OD  3000. 

Be  sui-e  to  check  that  the  boi-e  is  clear  after 
an  decopperli^,  especially  after  firing^  a  de- 
coppering shot.    *  s  '  * 


*  Special  decoppering  rounds  may  be  prepared 
aboard  ships  adding  lead  foil  to  a  standard 
propelling  charge.  \\Tifen  the  decoppering  round  is 
fired-^  tfie  added  lead  foil  vaporizes  and  a  thin 
lead  deposit  s^ettles  ^on  the  surface'  of  the  gun 
'  rifling.  ^Hiis  thin  lead  coating  discourages  any 
copper  tfeposiJts  from  a  lirojectiles  rotating  band' 
from  sticking  tb  the  ^n- rifling.  A  decoppering 
action  will  continue^  as  long -as  vaporized  lead  is 
'  deposited  whenever  ^  gun  is'  fired.  • 


.  SAFETY 

The  primary  reason  for  th6  vast  amount  of 
Information  available  on  the  ^subject  of  safety' 
precautions  is  simply  the.  desire  to  prevent 
accidents.  Research  has  sho\^,that  a  majority 
of  all  accidents  came  about  through  sheer  care- 
lessness. Not  only  is  therfe  alossof  time  involved, • 
in  an  accident,  but  also  there  is  an  abcompanying 
loss  of  eitiier  equipment,  material,  or,  in  the 
extreme  case,Mife  itself.^  Aside  from  these 
important  considerations,  there  ih  a  vast  amount 
of  money  ^vasted  in  replacing  damaged  equipment, 
making  investigations,  paying  for  hospitalization  , 
or  funerals,  and  for  man-hours  not  worked  during 
convelescence.  These  are  but  a  few  of  the 
problems  faced  every  day  by  the  Navy  because" 
.personnel  fail  to  heed  the  posted  and  required 
safety  precautions. 

Safety  ^  is  everybo|jy's  job.  Awareness  '  of 
danger,  knowledge  of  how  to  avoid;it,andcd!1itant 
vigilance  are  the  three  basic  requirements,  for 

•^the  prevention  of  accidents  while  you  are  working 

•on  or  operating  ordnance  equipment. 

Safety  is  both^  a  result  and  a  reflection  df 
good  training.'  The  crews  of  a  gun^  mount  may  be 
trained  so  that  every  man  thoroughly  knows  how  to' 
do  his  job;  however,  the  crew  still  cannot  be 
considered  vvell  trailed  unless  every  man  is  safety 
conscious.  S^fe  working  habits  mast  be  Impressed' 
upon  every  crewman  througji  proper  instructions, 
constant  drills,  and  continuous  supervision.  Care- 
lessness, cockiness,  and  la6k  of  training  have  led  ^ 
to  disaster  v/hile  working,, with  all  types  of' 

ordnance  ecjuipment  and  material. 
«  *  ■ 

'Practical  safety  features  are  Incorporated  into 
Nayy  equipment  to  ellm'inate  potential  hazards  to 
personnel.  Since  familiarity  with  equipment  leads  / 
to  carelessness,  obsei^vatlon of  all  safety  notices' 
and  rules  is  mandatory.  NO  RELAXATION  01' 
VIGILANCE  SHALL.  EVER   BE  PERMITTED. 


499, 


ERLC 


GUNNER'S  MATE  G  3  &  2. 


Each  piece  pf  ordnance  equipment  has  a 
specific  list  of  safjety  precautions  to  be  observed 
during  operatioh  and/or  maintenance.  Study  these 
thoroughly  feefore  attempting  to  operate  or  repair 
any  piece  of  equipment  with  which  you  are  not 
familiar. 

The  followfng  safety  rules  ard  but  a  few  of 
the  many  that^  mus^  be  observed  \vhen  operating 
or' working  on  liydraulic  or^pheuniatic  systems. 

jNever  diiSconnect  hydraulic  lines  or 
disassemble  hydraulic  equipment  'when  the 
hydr^lic  sy$tem  power  motor  is  running.  * 

Never      disconnect  ^hydraulic  '  lines  or 
disassemble  hydraulic  'equipment  until  the  accu- 
.  mulators  have  been-  manually  dumped  to  tank. 

Never  manually  actuate  switches,  solenoids, 
relays  or  valve?  on  hydraulic  systems  under 
pressure  unless  you  are  competent  and  qualified 
to^perform  thfese  actions. 

Report  hydraulic  leaks  immediat3ly  so  that 
they  may  be  repaired!  at  the^  firft  opportunity. 

If  clothing  becomes  drenchecf  with  hydraulic 
fluid,  immediately  change,  into  dry^l^othing  for 
hydraulic  fluid  is  injurious  to  heg.lth  .when^ln* 
prolonged  conctact  with  skin.  "It  is-  also  j 
hazard.  Immediately  ^wipe  .up  all  spiU^I 

Do  not  direct  a.  high-pressure  air  je|^ 
.part  of  the  human  Jx)dy;  this  may  be;^ 

All  personnel  taking  part  in  and  observiiL 
eration  of  power  equipment  shall  jiremain  a!__., 
keep  clear  of  moving  parts,  and  be  thoroughly 
familiar  with  the  safety  precautions'  applicable 
to  that  equipmen't.  At  no  tijoae^Il  skylarking  be. 
allowed  in  the  .vicinity-  of  operating,  power 
equiprfientv        J:^  -  • 

Hydraulic  systems ,  operate  , under  hydraulic 
pressures  ranging  from  aK)roximately  100  psi  to 
2,000  psi.  Some, pneumatic  systems  operate  in 
approximately  the  same  range  of  pressures  as 
hydraulics.  These  ^pressures  are  dangerous  and- 
can  be*  hazardous  to  pei^spnnel, 
.  Safety ,  precautions  must  be  observed  ■  when 
performing  maintenance,  testing,  and  operating 
ordnance  hydraulic  and  pneumatic  equipmen£. 
The  high  pressure  'liquid  or  air  cap  cause  major 
.injuries  to  your  face,  hands,  and  other  parts  of 
the  body  by  jets  of  air  or  liquid  escaping  from 
valves  oj  pipe  connection  which  are  highly 
pressuiized.  ^'^^^ 

The* following  summary  of  safety  pre'caiMons 
is  intended  to  be  general  in  nature  but  their 
importance  should  not  be  /misunderstood. 

Do  not  service  or  adjust  li^e  equipment  with- 
out the  presence  of  another  person  capable  of 
^renderinj^  first  aid. 


Never  measure  potentials  over  600  volts  by 
means  of  flexible  test  leads. 

Do  not  tamper  with  interlocks  or  any  other 
equipment  safe*^  feature. 

If  possibly,  use  only  one  hand  when  working  on 
live  circuits,  '  ^  ^  *  • 

Never  use-  electrical  or  electronic  equipment 
4cnown  to  be  in  poor  condition.  ^ 

Do  not  allow  Mnqualified  personnel  to  operate 
the  control  panels.  Trainees  or  other  f)ersons 
undergoing  instructions  phall  operate  only  under 
the  stilct -supervision  of  a  qualified  and  responsi- 
•  ble  operator,  '    • : ' 

Except  for  General  Quarters,  always  sound  the 
train  warning  bell  and  get  an  all-clear  signal 
before  training  and/or  elevating  the  gun  mount 
(before  eaqh  time  thfe  equipment  is  to  be  moyed). 

Whenever  any  power  dVive  untt  that  js  capable 
of  inflicting  injury  to  personner  or '  material, 
not  continuously  visible  to  the  person  controlling 
such  motion  is  moved,  the  officer  or  petty 
officer  authorizing  the  unit  to  be  moved  by  power 
s{iall- ensure  a  safety,  watch.  The  safety  watch 
shall  be  omitted  in  general  quarters,  but' must  be 
\m)aintained  in  area  where  such  injury  ispbssitjle, 
both  inside  and  outside  the  unit  beir^movfed.  There 
Shall  be'  telephone  or  other  effective  voice  com- 
municatioft  established  and  maintained  ^between 
the  station  cdntrollir^  the  unit  and  tne  safety 
watch.  .  *  '  '  , 

There*.are,  a  few  basic  rules  that  ypu  should 
keep  in  niind  when  using  wrenches.  They  are: 

1.  Al\yays  ^use  wrench,  that  fits  tte^niit 
properly.  ^  -5^^ 


2.  Keep  wrenches  dean  and  free  from  oil. 
Ofherwise  they  may  slip,  resulting  in  possible 
serious  injury,  to  you  or  damage  to  the  work. 

3.  Do  not  increase  the  leverage  of  a  wrench 
'by  placing  a  pipe  oyer, the  handle.'  Increased 

leverage  may  damage  the  wrench  or  the  work. 

4.  Provide,  some  sort  of  kit  or  case  for  all 
wrenches.  Return  them  to  it  at  the\compietion 
of  each  job.  This  ^saves  time  and  -trouble  and 
facilitates  s^lp.ction^  of  tools  for  the  ;iext  job. 
Most  important,  it  eliminates  the  possibility  of 
leaving  ^them*  where  they  .can  cause  injury  or 
damage  .to  men  or  equipment. 

5.  Determine  w^ich  \^y  a  nut  should  be  turned 
before  trying  to  loosen  it.  Most  nuts  'are  turned 
counterclockwise  for  removal.  This  may  ifeeemobr 
vlous,  but  even  experienced  men  have*  beeli 
observed  straining  at  the  wrench  in  the  tightening 
direction  when  they  wanted  to  loosen  it. 
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6.  LeStrnto  select  your  wrenchesjbo  fit  thq^ type 
of  work  you' axe.  doing.  If  you  a^e  not  familiar 
with  these  wrenches,  make  arrangements  to  visit  a 
shop  that  has -most  of  them  -and  get  acquainted. 

•'  "  .  ♦ 

Tbe  following  precautions  should  lie  observed 
when  using  tol^que  wrenches:        > ,  - 

'       .  '  "  ^ 

1.  Do  not  use  the  torque  wrench  as  ahammer, 

2.  When  using  the  micrometer  setting  type,  do 
tiot  move  the' setting  handle  foelow  the  lowest  : 
tcotiue  setting.  However,  it  should  be  placed  a|  its 
lowest  setting '''prior  to  returning  to  storage, 

3.  Do#not  uSe  the  torque,  wrench  to  apply 
greater  amounts  of  torque  than  its  rated  capacity. 

4.  Do  not  use  the  torque  wrench  to  break  loose 
bolts  which  have  been  previously  ti^ghtened. 

^  5.  Never  store  a  torquie  wrench  in  a  toolbox 
"^Sin  an  area  where  it  may  be  damaged.' 

Be  throughly  familiar  wifh  ^11  posted  'safety 
prjeg^x^tipns'and  those  listed  in  the  OP  pertaining^ 
to  *  the  equipment  to  which  you  are  assigned.. 

DonH  think  that  once  you  have  learned  all 
applicable  saf  ety  precautions  yeu  can  set  back  and 
take  things  easy*  Review  the  preqajations  period- 
ically, particularly  those  fo>  jqbs  seldom  per-*^ 
formed.  Tvy  to  inciprove  upon  anyrwiles,  in  effect; 
Safety  is  everyone's  responsiblilty^^  just  those 
vrtio  drew  up  the  rejgulations.  Most  accidents  are 
caused  by  men  who  are  so  tamiliar  with  their  job, 
they  think  they  qan  iake  short  cuts;  by  men  who 
.donH  know^ihe  applicable  precaution^;  by  practical  - 

•  jokers;  ,  or,  in  the  majority  of  instances  .by  plain 
{  carclcsj5ii«ss. 

special'safety-markinos 

t  * 

Index  marks  and  safety  lines  are  paifttedonor 
near  ordnance  equipment  and  are  used  6y  the  GMG 
to  .indicate  a  complete^n>echanieal  function  and  to 
indicate  safe  areas^  .  '  - 

*An  example  of  the  index  mark  is  ttie  breech-  - 
Closed  index  painted  on  the^nhousing  (fig*  14-9). 
tfie  index  mark  shows  at  once  whether  the  breech- 
\bk«>k^rises  promptly  to  full,  breech-closed  pdsi- 
<?«fe  or  is  sluggish  .or,  sticks.  The  5.V/'38  also 
,has  index  marks  on  the  housing  and  slide  to  indi- 
cate full. return  to  battety  apd  breech  completely 
'   closed.  These  index  mat^k$  tei>d*tO  wear  off^  and 
require  periodical  fiifeshening^p*  Be  careful  not 

•  to  get  .the^pa^ot  on  ^ny  other,  part,  of  the  slitling 
surfaces.'  '  ;  ,     ,       /  t 

Safety  lines  mark  off  s^fe  working  areas. 
Circula;'  safety  lines  are  'palnted  'xjn  the  deck 
around"  a  gui<mount.;^o  indicate  the  areas,  you 


.    \   'j,  '  ^         \'  '     ;  84.279 

Figure:i4-9.—  Breeph-closed  index  (5'V38  gun). 

should  stay  out  of  ^en  the  gun  is  being  trained. 
'\31ast  area'*  lines  are  painted'on  the  decks  arouhd 
^  rocket  launcher s^to  show  how*  far  away  you  must 
*  gdt  to  be  safe  from  the  hot  rocket  blasts.  Siriiilar 
safety  lines  are  necessaty  to  show -safe  working 
areas  airound  overhead ,  conveyors  and  other 
machines  that  may  be  dangerous  to  men  who  fail 
to  keep' away  from  wOTkiiig  parts^ 


*  THE  3rM  SYSTEM  " 

From  our  study  of  Military  Requirements  for 
3/2,  NAVEDTRA10656-C,  we  learned  about 
the  Navy  Maintenance  and  Material  Ma'nagemen^ 
(3-M)  System  pow  being  implemented  in  thfe fleet. 

This  sut)ject  is  not  covered  in  detail  in  this 
publication.  We  only  reyiew  some  of  the  objectives 
of  the  3-M  system  and  its  subsystems,  which 

•  include  the  Plarined  Maintenance  Subsystem  (PMS) 
and  the.  Maintenance  Data  Collection  Subsystem 

(MDCS).-  "         •  '  ^  *  ^ 

The  3-M  system  is  designed  to  (l),  to  reduce 
the  complelx  maintenance  requirements  of  ship- 
board equipmeYit  to  simple  procedures  that  are 
easily  identified  and  managed;  (2),  to'define  the 
type  of  maintenance  ^  required  (preventive 
or ^rrective):  ^3),  to  schedule  and  control  4ts 
p^^rmancej  ?(4),  to  describe  the  methods  and 
toms  u§ed;  andv(6),  to  prevent  or  detect  impending 
casualties.         •      .  , 

An  effective  3-M  system  permits  a  ship  to 
forecast  and  plan  man-power  and  material  needs, 
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i^chedule  maintenance,  estimate*  and  evaluate 
^Tftiateji^al   "readiness,  ^'and    delect  areas  for 
tnjoroving  training  a^d  maintenance  tephniques, 

-  ^-irSUnSY'STEMS 

,  •  The '  3-M  system  Ms'  a  combination  of  five 
subsystems  of  wh^ch  twQ  are*primary,for  ship- 
board persooneU  'These  t^vo  subsystems  are  the 
^'Planned  Maintenance  ^and  the  Maintenance  Data. 
'  .CollecWoa  Sub§yfetems.  '^hese  sybsysteqjs  when 
u^ea/p.roperly  will: '  r  - 

Increase    reliability.    Equipment  will 
^suffer  fewer  breakdowns  due  to  a  Retailed  and 
'orderlj^  maintenance  schedule. 
"  -  ■»  - 

a      '  •     Increase    ^cQnomy.     Fr^entive  main- 
♦    tenance  saves  the  co5t  of  casualties  andexpensive 
<  "'repairs.  ■  '         ^  . 

Enable  better  planning.  The  3-M  system 
•  takes  into  account  shipboard  operations,  upkeep, 
availabilities,  and'  contingencies  and  facilitates 
efficient  anH  oonveniecit  prcJgramming  of  work. 

•  Increase*  support.  By  Rreviding  feedback 
information,  all  elements  which  support  the  fleet 
will  funcUon  better," 

The-  iVIDfC^   subsystem   reduces^  paperwork 
^  aboard  ship  ^superseding  various  currently  used 
'J-eports  and  fornis.       '   \  ,  . 

TJie  Planned  Maintenance  Subsystem  uses 
the  Planned  Maintenance  Systeni  Manual,  OPNAV 
43  PI,  a  cycle  schedule,  quarterly  schedule, 
weekly  schedule,  and  a  set  of  maintenance 
requirement  card^(MRC).  ^ 


Planned  Maintenance  Subsystem 

The  maintenance  Requirement  >  data'  are 
collected  from  the  fleet,  systems  commands, 
eqjiipment  manufacturers,  and  6ther  souites  for 
l|l  weapon  systems  and  their  associated  eq&ip- 
ment.  After  the  maintenance  requirements  for 
a  given  system  have  been  determined,  the  necjes- 
sary  m^afntenance  procedures  ^are  'lijsted  op 
standard  Maintenance  Requirement  Cards 
(MRCs),  and  they  are  distributed  to  the  fleet. 
Eventually,  every*  ship  will  receive  MRCs 
for  every  piece  of  ordnance  equipment  aboard* 
ship.  MR  cards  are  explained  in  Military  Require- 
ments for  PO  3  &  2.  t 


Maintenance  Data  Collection 
Subsystem 

^  The  Maintenance  ^Data  Collection  Subsystem 
provides  .a  meajis  "of  recording  maintenance 
actions  (planned  or  corrective)  in  a  form  suit- 
able'for  nriachine  processing;  this  permits  eval- 
uation t)f  equipment  performance,  r,epair*  parts 
used,  delays  incurred,  ^reasons  for  the  delays, 
'  and  man-hours  required  to  maintain  the  equip- 
ment. ,        '  " 

■  The^  Planned  Maintenance, Subsystem  differs 
from  the-Maihtenance  Data  Collection  Subsystem 
in  that  the  VMS  tells  when,  how,  and  by  whom 
the  maintenance  is  to  -be  performed;  the  MDCS 
informs  the'  collection  center  what  was  done," 
who  repaired  thet 'equipment,  how  lohg  it  tbok, 
and  what  repair  parts  were  required  to  accomplish, 
it.,-/ 

REPORTS  AND  records"  ' 

"The  3-M-  system  is  probably  the  most 
important  material  record  of  the  weapons  depai*ir 
ment  aboard  ship.  Hawever,  in  ship's  where  the 
3-M  system  has  not  been  fully  implemented, 
ordnaace  history  cards  may  still  be  in  use» 
Th^  weapons  offiqer  is  responsible  for  main- 
taining Uiese  records  in  an  up-to-date  and  useful 
marmer.*" 

^The     retained  .copies  of  the  3tM  system 
schedules   now  are   the  principal^  sources  of 
maintenance  information  on  new  'Construction. 
On  older  vessels,  in  addition  to  the  retained, 
cppies  of  the  3^M  schedule^,  material  history 
is  maintained  on  ordnance  history  cards.  How 
^maintenance  history    records    are  maintained 
depends  on  tlje  type  ship  and*  how    much  change  . 
over  from  old  .type  maintenance  system  to  the 
3-M  system  has  been  accomplished*  Many  of 
the  former  sources  of.  maintenance,  history  are 
replaced  by  the  3-M  system.  Various 'logs  are 
also  used  in  the  w^apoftfe  department  for  main- 
tenance, history  information. 

Ordnance  History  Cards  . 


A  complete  material  hifetory  of  an  ordnance 
✓unit  is  important  in  determining  maintenance, 
operational  prac.tices,  safety,  precautions, -and 
equipment  capability.  These  cards  can  also.be 
used  as  inventory  records  and  should  ^be  grouped, 
in  a  binder  so  that  all  <5ards  for  a  given  piece 
or  ofdnance,  a*  gun  .maunt  for  example^,  are  > 
located^Q^ether  for  easy  ordnance  inventories. 
Information^n  be  ol)tained  for  these  cards' from 
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battery  logs,  smooth  logs,  and  a  visual  inspection 
of  the  equipment.  ^  ,  -  • 

I^OGS     ^     -  ^ 

Aa  ordnance  log  is  a  book,  which  you  record 
chronologically  information  ^bout  tests,  over- 
hauls, repairs,  alterations,  maintenance  work, 
and  operating  performance  on  certain  ordnance 
equipment.  •  ; 

A  well-kept  logN^s  handy  to  YOU  as  a  casualty 
reference.  If  a  casualty  occurs  that  has  happened 
befoi;^,  the  log  .  can  be  consulted  for  the  method 
o{  repair  previously  used.  If  a  certain  type  of 
repair  method  has  proved  unsatisfactory,  repeti- 
tion of  that  method  can  be  prevented  by  referring 
to  the  log*  .When,  a  new  nian  takes  6ver  a  piece 
of  ordnancfe  equipment  or*  the  system  itself',  he 
can  refer  to  the,  efiuipment  ^  logs  and  become 
^  familiar  with.the^^uipmeht's  peculiarities. 

The  .  type  com Tianders 'administrative  inspec- 
tion dieck  off  list  ^exmines  the  minimum 
requirements  for  logkeeping  on  your  ship.  It 
is  expect^  that  with  the  adyentof  tiieS-M  systeni 
the  number  of  logs  to  be  kept  will  be  drastically 

'  reduced.  .  However,  because  the  documentation 
under  the  3-M  system  doefe  not  give  .adequate 
life  history  of  specific  equipment,  many  rough 
and  smooth  logs  are  still  required.  Aboard  a  . 
destroyer,  for  example,  the  weapons  off icer  could 
require  a  minimum  of  four  types  of  logs  as 

,  follows: 

1.  Battery  log  (rou^  logV. 
-  2.  Weapon  system  log  (smooth  log)  ^ 
,     '  3y  Small  arms  log  . 

4.  Magazine  log  ,  ' 

'  Battery  logs  frough  logs)  are  handwritten 
j5ntries  In  a  notebook  type  ledger,  containing, 
"such  information  as:  - 

1.  Tests    «  ^ 
'  -     2.  Routine  maintenance  not-'covered 

3.'  Work  schedules  ^  '  ^  ,  ^ 

.  .    4..  Boresijiit  and  trjm  readingir 
,     5.  Rounds  fired  /  \  '  '  , 

Tliis  ledger*  is  used  as  a  source. of  informa- 
*  tion  for  each  mount,'  turret,  rocket  launcher  or 
missile-  launcTier  oontaitting  the  Mk,  Mod,  serial 
^  tiumber\etci  of  all  the  major  components  of  a 
system. 'There  id  no  prescribed  folinufor  making 
.eiitrieii  except  those \set  up, by  your  weapons 
'officer.  Log  entries  should  be  neat,  clearly 


dated,  and  arrai^ed 'in  ^ orderly  sequence  so  that 
the  reader  (weapons  officer)  can  see  wh^^e  each  * 
entry  begins  and  ends.  , 

Weapons  System  Log 

A  weapon  system  log  ^  (smpoth  log)*  contains 
sections  devoted  to  ordnance  equipment  by 
battery  or  by  system.  Data  included  'are: 

1.  System  battery  alignment 

2.  Star  gage  data  . 

3.  Erosion  data  • 

4.  Rounds  fired  for  each  gun  barrel  (listed  h^^ 
.   ^-  serial  number)  of  each  gun  system 

5.  The  type  of  projectile  and  powdej  charge 
used  . 

6.  The  powder  index  nuniber  and  a  record 
of  ESR  (Equivalent  Service  Rounds) 

' .  7.  Bench  mark  readings  \ 

8.  Train  and  elevation  portion  readings 
•  9.  Roller  path 'readings 
10.  Boresight  ^lata  ,     .  ^  ' 

**  '  "      "  *  ' 

.  Mopt  smootli  logs  use  a  standard  format  for 
each  type  of  entry.  *  . 

Small  Arms  Log  ^ 

T-he  small  arms  log^  should  show  all  pertinent 
information  on  all  Bm^all  arms  abbard  ship.  It 
should  list  the  weapons  by  serial  number  and 
type.  Log  entries  should 'include  any  repairs, 
modifications,  and  types  of '  casualties  to  each 
weapon,  results  of  small  arms  Inventories,  and 
the  location  of  each  weapon.         ^  ^ 

Mg^azine  Log  /     -   .  ^  ♦ 

•       ^  -  .    '      /  ^ 

The  mg^azine  log  should  show  the  quantities 
of  ammunition  stored  in  each  magazine  and  han- 
dling room.  Ammunition  ^  should  be  identified  by 
typiss,  marks,  and  mods  of  all  its  conipon^ts 
^primers,  fuzes,  etc.),  and*  the  lot  and.  index 
nurkbers  of  all  projectiles  and  propelling  charges^ 
It  should  also  show  the  results  of  all  tests  and 
inspections  of  ammunition,  sprinlcler  system 
tests,  daily  m£^azine  inspections  and  daily 
temperature  readings.  "  .  ^ 

The' weapons  officer  also  maintains' a  smooth 
ammunition  ledger,  pxi  accounting  system  for 
ammunition,  in  whicli  are  recorded  all  receipts 
aad  expenditures  as  they  occur.  - 
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SOTOCE'S  OF  MAIHTENANCE 
INFORMATION  '• 

It  would  be: impractical  ta  try  to  squeeze 
into  this  chapter  the  many^ details  you  must  know 
to  perform  ^  maintenance  "troubleshooting, 
difeassembly,  and  reassemblj^o^ordnance  equip- 
ment assigned  to  you.  Since  there  are  many 
different  marks  and  mods  ^of  equipment 
performing' the  same  function  but  having  differ- 
ent working  parts,  the  Naval  Ordnance  Systems 
Command  prints  apublicatiori*requirementlistfor 
every  active  duty  ship  now  in  service.  This  list 
is  based  on  the  major  units  installed  and  lists 
all  the  OPS,  ODs,  FMs,  and  TMs  neec^ed  for^ 
repair;  maintenance,  test,  and  operation  of  the 
ordnance  equipment.  Copies  of  all  the  publication 
listed  in*  these  ODs  are  fuiTiished  to  thj6  vessel 
as  part  of*the  original  conimissioning  allowance. 
If  additional  copies  are  required,  they  can  be 
ordered  throu^  the  appropriate  sUpply  point; 

OP-0         .*  * 

OP-0  is  the  Index  of  the  Naval  Ordnance. 
Systems  Command  ordnanee'publications.  It  lists 
by  number  and  subject  the  ordnance  publications 
(OPs)  and  ordnance  data  (ODs)  used' in  the  Navy. 
^P-0  also  lists  all  curreht  revfsions,  changes, 
aiiu  supplements  to  OPs  and.  ODs  as  well  as  .those 
fn  preparation,  6ancelled,  Qbsdlete  and  those  for 
special  projects. 

TJhe  Informatior!  in  OP-0  is  ^ur3:ently  being 
^  entered ,  in  the    automated   data   files  of  the 
^  Ordnance  '    Logistics      Information  System 
(ORDLIS).  ^^'hen  this  is  conjpleted,  a  new  OP-0 
will  be  distributed  - containing  bo.th  the  s.ubject 
and  numerical  index..  OD  39397,  Indexp/Techijiical 
Manuals  for  Conventiohal  Ordnance,  will  be  dis- 
continued wJjen-ORDLIS  ca^support  an  automatic 
^output for  OP-0.  ^  ^ 

As  of  this  writing,  the  fir^t  'Official -index 
titled  Numerical    Index  .  of   Naval   "fechnical  . 
-   •  Manuals,  ^to^;  be  developed  from  ORDLIS  has  been  \ 
published.  This  publication  is  a  ni^merical  index 
only.  The  issuance  or  an  accompanying  subject, 
index  has  been  delayed  pending  the  completion 
and  validation  of  th^ necessary  cross-reference 
files  ^  by  the  cognHz^nt  In-Service  Engineering  - 
^     Agents.  This  validation  of  files  is  now  underway 
"  and  Q^  ^^complete  revision  of.  (3p-0  is  e^qiected 
•to  be  iff^ued  in  the  near  future.*^ 

,   ORDNANCE  PUBLICATIONS  .  . 

Ordnance  publications  (OPs)  are  used  by  the 
^  operating'  forces  and  ^contain  descriptions  of  ^ 


ordnance  ^uipment  and  their  component  parts; 
instructions    on    how    t6^  operate^  maintain, 
disassemble,  Reassemble,'  test,  and  adjust  the 
equipment.  Al^  CPs  hav^  a  section  on  safety 
instructions  both  for  opei:ating  the  equipment  as  \ 
well  as  g^eral  and  sp^ific  safety  orders  when  a. 
troubleshooting.    The   6^^$    are  published  by  | 
NAVORDSYSCOMj,Cach  ijnder  its  ownOPnumber.  J 
They  may  be  prepared  by  some  other  navat^ 
activity,  by  the?  manufacturer,  or  by  the  Command  ^ 
itself.  Any  changes  topPs  are  issued  by  NAVORD- 
SYSCOM.    Qh^es   issued   to  '  the  .  fleet  a^^^ 
numbered  and  a  record  of  all  changes  a?e  listed 
on  a  change  record  sheet  posted  in  .tii^fronfHof 
every  OP.  The  information,  on   these  shee^s^ 
includes  the  change  number,  the  da|e,,fee-cTlmnge 
was  made,  the  title,  or  brief  description  of  the 
change,  the  signature  of  the^person  making  the 
change,  and  the  signature  of  a  yalyiatmg  officer. 

OTDNANCE  DATA  "  "  ] 

Ordnance  Data  CODs}  rare  a  kind  t^f  catc^allT 
They  are  used  for  pubUsliifig  advance  information 
or  irtetructions  onordnance^uipm%it  installation 
and  alignment  data,  parallax  data^  arid  other  mis- 
cellaneous information,  such  as  tables  of  weights.  . 
and  dinlensions.  Formerly^  ODs  were  us^  for  ^ 
publication  of  test  and  insjpfection  data.  Ordnance 
Reports  are  now  used  for  tois  purpose.  ODs  are 
num^)ered  consecutively  biy  thi3  issuing  agency. 
ODs,  like  OPs,  at-e  listed  in  o|^-0.  .  •  ^ 

^     -  ^  ^        ^  • 

One  6d  that  is  required  reading  for  you,  and  ■ 
for   al^  other  "Gunner'^  Mattes,  is  OD  3000, 
Lubrication  of  Srdnancef  Equipment.. It 'is  the  one  . 
OD  that  your  ship's  Ii|)rar^  of  ^ordnance  publica-^^'y 
tions  must  not  t>e  *A^thoul.  O&er^  ODs  may  be'"*  ' 
iicefui  to  you,  depending  oh  the'  type  ship  you 
are^  aboard  and  its  armament; .  TEjut  for  that  .  i 
information  you  should  consult  01^*  If  ttiey  ^ 
are   not  already  in  your  ;1&hip's  Jibf^iyT  they 
can  be  ordered.  .  . 


s 


,  Revisions  »> 

...      ^  -     .^^  --'^  /    '*     '  '  ^ 

Revisions  are  made  to  pPe  and  ODs  when 
the- original  ^publication  becomes  obsolete  due  to 
mmy  6e^0n  chajiges  to^the  equipment.  Revision^, 
are  numiSered  and  the  Idlest  re/isign  supersedes  ^< 
the  previous  one.  When  Revisions  of  OPs  ^  are 
made  available,  .be  sure  you  chyeck.  th.e  new  OP' 
for  the  purpose  of;  the  reVisioru  In  come  cases, 
a  revision  may  replace  other  OPs  or  ODs  and'' 
thejr  supplements.  A  statement  in  the  f r<yit  of 
each  'revised  OE  or  OD  states  vjhldh  publications  " 
arejnade  obsolete  by  the  ,r^yision^ 
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'  Changes 

Changes  may  consist  of  pen  and  ink  changes, 
complete,  page,  changes,  or  changes  to  drawings 
and  'sketches.  Changes  are  made  to  OPs  and  0D$ 
after  Ordtats  have  men  completed  or^whenerroris 
and  inacburacies  are  found  in  a  publication. 

-   .     /  . 
Supplements 


'  A  siipplement  is  an  additi^  to^aii  OP  ov  OD 

which  ,  reflects   changes  ,  to   equipment  or  its 

operation  made  since  the  OPorOD  waspuUishe^ 
'  The  original  publications  are  still  used;  fiie 

suppljBments    describe  '  only   the  differences 

between  the  major  assemblies,  or  the  differences 

,  between  the  the  Mkfe  and  Mods  of  gun.,mounts, 
.  turrets,  missile  launchers,  ahd  rocket  launchers.    ^yPeS  OF  DRAWINGS 


But  there's  one  other  kind  of  .source- material^ 
for  this  information.  lA  many  ways,  they  are  the 
most  valuable —ordnance  drawii^. 

All  manufactiirers  of  ordnance  equipment 
make  drawings  of  all  ordnance  equipment  that 
they  manufacture.  Copies  of  these  drawings, 
reproduced  by  blueprinting,  xerox  process,  or  in 
some  other  way,  are  supplied  to  eVeiy  naval  ship 
or  installation  that  has  the  equipment  or  for  som^^ 
other  reason  requlies  copies  of  prijtits  of  the 
drawings.  Many  drawings  are  also  reproduced 
m  OPs  and  other  .technical  manuals.  Maiqr  of 
,the  ^Jrawings  you'lT  see  are  made  by  NAVORD, 
but  many  •  others  are  made  by  the  contractors 
v/ho  manufacture  the  equipment  for  NAVORD. 


-  Drawings  differ  depending  on  their  purposes.- 
The  main  types  of  drawings,  as  classified  accord- 
ing to  purpose  by  NAVORD^  are: 

1.  General  arrangement  drawings.  This  kind 
of  drawing  shows  the  complete  equipment 
assembled.  It  indicates  general  appearance  and 
relationships  of  important  component  assemblies, 
and  identifies  the  drawings  that  describe 
the  components  of  the  equipment. 

2.  Installation  drawings.  These  show  such 
features  as  mounting  pads  and  brackets,  shook 
mounts,  points  for  entrance  of  cablii^  and  mating 
mechanicaj  parts,  type  of  cable  requii^,  dimen- 
sions of  mounting  hardware  needed,  and  directions 
for  how  to  orient  the  equipment  and  secure  it 
to  it^  place  on  bulkhead  or  deck.  One  variety 
^f  this  type  of  drawing,  called  an  outline  drawing, 

shows  overall  dimensions  and  clearances 
required  for  operating  and  servicing  equipment. 

3.  Assembly  and  subassembly  drawings. 
These  show  the  constructional  details  of  the 
assemblies  of  which  the  complete  equipment  is 
made  up.  In  general,  you  can  thinkotan  assembly 
(or  subassetably)  as  any  group  of  t\vo  or  more 

^  parts 'assembled  .to  make  up  a  un^t.  Ah  assembly 
drawing  is  intended  to  enable  a  properly  equipped 
^  To  do  any  kind  of  maintenance\vork  on  your  -shop  to  make  up  the  finished  assembly  iTorn  ^e 
equipment,  youfv  g6t  to  knW  it  well.  One  way  prescribeE  parts,  and  ass,embly  and  finishing 
to  learn  about'  it 'is  to  study  jthe  hardware    materials.  .       ^  ,  • 

itself.  It's  a  good  way,  too,  and  there*fi[ really  Detail  drawings.  When  you  disassemble | 

no  •  substitute  for  It,  But  you'll  learn  faster,  any  piece  of  equipment  f^r  enougjh,  you  eventually 
and  you*ll  l?arn  mote,  by  also  using  certain  get  down  to  individual  pieces  that  ^cannot  be 
source  materials.  This  manual  Is  such  a  source;  disassembled  any  further.  These  are  represented 
so  -are  the  OPs  and  ODs  and  other  publications,   by  detail  dKawings,  which  give  all  the  information 

'         \  ■  "  •     '         -605,       '  ^ 


■  Supplementary  Sou^rces 

At  timesT  during  the  course  of  your  work, 
you  may  require  information  not  covered  in  OPs 
or  Obs.'^UTiere  you  find  this  information  depends 
upon  the^  type  of  ordnance  equipment  you  are 
working  with.  If  >ou 'are  working  with  demolition 
equipment,  .  ^Ixplosive  .Ordnance  Demolition 
Bulletin  (EODB)  could  .help  you.  Other  types 
of  publications  are  Special  Weapons  Publications 
(SWOPS),  NAVORD  instructions  and  Notices  for 
general  policy  .nxatters,  and,  sudh  other 
publiiiations  as  ORDALTS-OO,  ,  which  supplied 
*  infonWon  on  all  pRDALTSlor  aircraft,  shore^ 
stations,  and  all  elates  of  vessels. 

The  Army  prepares  several  publications  that 
are  also  applicable,  to  Navy  Ordnance.  These 
include  field  nlanuals  (FMs)^  Technical  manuals 
(TMs),  technical -bulletins  (TBs),  and  joint  publi- 
?L  cations  of  the  Army,  Navy  and 'Marine  Corps. 
These  publications '  are  listed  ift  Tfie  Index  of 
Military  Publications^  Army  Pamphlet^  No.  31 0-3 
,  and  310-4  or  Marine  Corps  publications  SL  1-3. 

"    ,  ORDNANCE  DRAWINGS 
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that  a  properly  equipped  shop  v/iiX  need  to  make 
the  piece  exactly  ^as  required.  .  • 

5.  Wiring  drawings.  The  main  purpose  of  a 
wiring  drawir^  or  diagram  is  obvious  from.its ' 
name  — it  shows  you  how  to  wire  a  piece  of*' 
equipment,   or  a  system.   There   are  several 
-  varieties  of  wiring  diagrams* 

An  external  wiring'  diagram  showfe  how  to 
'connect  ap  item  of  equipment  to  the  ship's  wirii^ 
system  or  to  other  pieces  of  equipment.  It 
shows  terminal  boards,  binding  po't?,  plug  ,  - 
jacks,*  anil  oti^ev  connection  points  ai*    device*^ , 
and  identifies  them  \yy  letters  and"  iiumfjers. 
Lines  denote  ^he  electrical  conductors  t'  bt' 
installed.  T^he  drawiTig  shows  the  size  and  type 
of  wirf^  to  be         ;   the'  kind  of  insulation*  . 
shielding,  duct    »    k,  and  armorii^g  specl  .  ^d,  ^ 
as    applicable;    length    needed;  \vh0r^''^^:^nd 
connection*^  are  t^      made;  where  joints  must 
be  soldered,  welde     or  clipped;  and  so,  on. 
And  it  specifies  the  kind  of  current  (a.c.  ni  d.c., 
and  frequency)  and  voltage  for  each  conduaor..  ^ 

An  internal  wiring  diagram  does* the  same  for 
wiring  tr-side  an  equipme  t.  It  also  identifies 
and  shows  v  *-pre  the  fuses  ire,  the  silie  and  type 
to  be  u??ed,  .nd  their  Circuits.  It  locates,  and 
identifies  with  standard  symbols,  ^11*  lamps, 
motors,  synchros,  resistors,  capacitors,  trans- 
formers, chokes,  F^^tches,  relays,  and  all  jther 
electrical  components  in  the  aiUipment,  and  gives 
their  electrical  values,  as  applicable.  It  identifies 
all  thd  terminals  and,  connection  points.  This  is 
one  of  the  most  us^I  kinds  of  drav/ii^  J[or 
electrical  maintenance  and  troubleshooting. 
An  elementary  wiring'^agram  is  about  halfway 


actual  physical  appearance^  of  construction  of 
^the  equipnxent  diatgranTmed.  '  ' 

7.  Lubrication      drawings.     A    lubrication  / 

drawing  chart  *f or 'naval,  equipment  i6  oftfen 
'a  general 'arrangement  drawing,  or  a  group  of 

them  showing  several  views,  in  which  lubrication  ' 

fittings  and  other  points  are  called  otit  by  Isabels. 

The  OP  ovr  every  equipment  normafiy  has  a  lube  . 

chart  in  its  appendix. 

/    8.  Tool  drawings.  Special  tools  such  as.span-*  *  , 
flier  wrenches  for  specific  n^arks  and  mods  of  guns^ 
'or  such  special  tools  as  extractor  trip  devices 
tor  5"/38  moimts  are'described  in  drawings— 
..sually  assei;nbly  or  detail  type.  Such 'tools  are 
Uvays  listed  in  the  OP.  / 
9.  Lists  of  drawings  (LD'^.  A  list  of  drawings,  . 
mentioned  above,  is  considered  by  NAVORD 
to,  be  a  variety  of  sketch.  In  itself,  tKis  detail  of-  • 
ol'-ssification  isn't  especially  important  in  your 
Joi ,  but  it's  worth  remembering  that  an  LD  looks 
and  is  treated  like  a  kind  of  engineering  ^ 
rawing  rather  than  like  a  publication. 
tD's  are  in  a  s«nse  the  key  to  the  drawing 
System  used  by  NAVORD.  Beginning  at  5ie  top 
>f  the  system,  a  master  list  of  drawings  or  mastep 
li^repsLved  for  each  major  ordnance  «quip- 
nent  (s^ch  as  a  gun  mo.unt'  or  turret).  This  list 
Includes  all   <j«3mpon^{s'   c^f    the  equipment 
poncernea.s^  Ea^h  -  component    is  itemized  ty 

assemblies, V  sulias$emblies// and.  details  on  a 
^epatate  LDX       \       , % 

The  identify^i^  pumber  for  ^ach  component  LD  >\ 
given,  together  with  the  general  arrangement  1^ 
dewing  numfcer,  on,,the  master  list  of  drawings 
fox   the    equipment.    Each   component  list  of 
drawings  also  shows  the  special  tools  57equired 


—  w»^Au.iti x0a.wubi1a.1j.wajr      uianiicgo  tii&u  &iiu>vz:>  tne  bpeciai  coois  pequirea 

between  the  diagrams  we'Ve  just  discussed  and^  , fori  servicing  .that\  comoonent.  By  ref^nce  to 


the  schematic  tn  he  taken  uo  shortly.  It  shows 
terminal  and  connection  P9ints,  component 
locations  and  values,  and  so  on,  but  it  also  is 
arranged  bo  that  it^s  m^ch  easier^to  follow  and 
understand  the  circuit  than  with^thiS=Ti5ual  wiring 
diagram.  IBut  note  that  the  elementary,  like  the 
pure* schematic,  has  littfe  respect  for  the  actual 
sizes  and  shapes  of  parts  or  equipment,  orsfor 
'their  physical  location  or  orientation.  The  trace- 
ability  of  the  circuit*  is  a' much  more, important 
.  conpideration.  / 

6.  Schematic  cirawlt^s.  About  the  only  geperal 
staten^ent  you  can  make  alKutschem^itic  drawings 
or  diagrams'  is  thkt  their  primary  purpose  is  to 
help  the  user  understand  the  functioning  of  the 
.  equipment.  In  ordnance,  schematicrs  of  electric, 
*hydraulib,  anjd  pheumatic  systefmd  axe  of ^  great 
importance  in  assisting 'you  as^a  repairman. 
Schematics  often  have  very  little  to  do  with  the 
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the  \  list  of  drawings  and^'the  ^iravyings  for  tiie 
niark  .  and  mod  \  of  a  given  assembly  or 
/sUbabsembly,  it  la  possible  to  work  down  to  an 
Individual  part  and  to  identify  the  correct  nomen- 
clature, .  drawing,  piepe  ..numb^,  design 
dimensions,  tolerances,  and  all  other  necessary 
inforniatfon. 

How  ydi  U^e  Drawings 


;  me\ 
"engin 
usually, 
detail 
explain 
assembly! 

you  in 
"iiese  dra 


drai 


we  refer  to  a  '^drawing*'  "^or 
;ng  drawing"  without  qualification,  we 
^er  to,  an  pssembly,  subassembly*,  or 
ing.  Such  jlrawings,  as  we  have  seen, 
w  to ma^nufacture  some  part  or 
And  they'  are  also  valuable  guides 
overhauling  and  repairing  equipment, 
'ngs  are  valujiyp  not  only  b^*ise__ 
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they  show  how  pairts  fit  (though  this  is  very 
Important  itself),  but  also  t>ecause  they  describe 
and  enumerate  ihf  fastening  hardware  you  need 
to.put  the  assembly  together  (including  the  proper 
boltfe,  nuts,  pat€fnt'faste|iers,  pins,  and, so.  on). 
They  also  show  the  minor  but  e^5en:^al  parts 
•that  the   asseijibly  must  have  so  thel'^it  will 
continue  to  function  as  the  designer  intended  it  to.  . 
A  watertight  enclosure  will  leak  if  it  hasn't 
the  exact  gasket  called  for  in  .the  drawing;  ' 
screws  may  loosen  if  they  haven't  been  assembled  ^ 
with  th^  lock  washers  sp^ified  in  the  drawingr 
and'  mits  wMl  woilc  free  If  they  haven't  been" 
sepured  with  the  cotter  pinfe  listed  inthedrawiiig. 

The  Qther  iypes  of  drawings  are  equally  . 
valuable.  General  arrangement  drawings  are  good^^- 
referenced  for  the  exact  nomenclature  of  major 
units  and  as  guides  to  drawings  on  component 
assem^Ues,*  Installktion  and'  outline  drawings 
contain  just  the  information  on  clearances- and 
(Jimensipns  that'  ship's  personnel  r^uire  ^eri  a 
new  piece  of' equipment  is  to  be  installed,*  and 
they  show  how  id  arraiige  the  piping ^nd  wiring  ' 
to  be  connected  to  it.  .External  wiring  diagrams 
show  just  how  to  hook  equipment  into  the  ship^s 
/wiring;  after  installation,  they  help  in  trouble- 
shooting for  faulty  circuits  and  malfunctioning 
components,  and  in  electrical  alignment*  of 
.  ^nchros  ,and  other  data  transmission  devices. 
Internal  wiring  diagr^s  are  equally  valuable  for 
making  circuit  checks  in  case  of  trouble  in  the 
equipment.  Elementaries  are  helpful  in  training 
personnel,  arW  can  be  used  in  checking  circuit^s. 
•  And  LD's  are  valuable  guides  in  trackii^  down 
the  particular  piefce  of  information  yoy  may  be 
'  locking  for.        ,  ' 

Every  ship  carries  copies  of  drawings  on  its 
.equipment,'  in  the  form  of  blueprints  and  photo- 
prints.^ These  copies  are  assembled  into  sets, 
^each  set  covering  one  item.  Photoprints  are 
"usually  bound  in  books.  Aboard  ship,  both  blue- 
prints and  photoprints  are  c^led  "ordnance 
drawings". 

These  drawings  are  available  to  you  either  in 
a  special  iile  in  the  repair  shop  or  in  the  custody 
of  your  department  head.  Make  uge  of^  them; 
they'll  help  you  to  become  'familiar  with  the 
ordnance  •  you  will  overhaul.  (Remember  tp  treat 
'  confidential  drawings  as  you  would  any  other 
confidential  publication).  ^  ^ 

Down  in  the  lower  right-hand  comer  of  each 
drawing  you'll  find  a  "drawing  number".  On  each 
detail  pictured  in  the  drawing,  you'll  find  another 
smaller  number.  These  arethe 'Apiece  numbers". 
These  numbers  identify  both  the  hardware  and  the 
drawing.*  Sometimes  you'll  find  a  letter  after  the 


piece  number  showing  how  many^times  that  piece 
has  been  changed  or  modified  since  the  original 
desiga,  , 

Every  part  of  ever>'  ordnance  device  (unless 
it's  very  small)  has  a  part  number  stamped  on  it. 
The  first  number  i§  the  drawing  nu?pber;  the 
second  is  the  pie6e  number.  For  example,  you'll 
find  numbers  like  120460-2.  Read  that,  "drawing 
number  120460,  piece  number  2". 

Lxx)k  iox  these  numbers,  and  use  them.  Refer 
to  them  when  you  report  on  a  particular  piece, 
'  or  when  you  order  ntw  parts. 

ILLUSTRATED  PARTff'^REAKDOWN 

;^r^'ii^lffustrated  Parts  Breakdorai  (IPB)  is  an 
ordnance  publication  uSbtal^  in.  the  form  of  an 
OP  which  describes  and  illustrates  all  components 
used  m  ordnance  equipment.  An  IPB  is  broken 
down  into  sections  which  identify  comiA^nent  parts 
Dy  major  assemblies,  subassemblies,  and  detailed 
parts.  Ail  iliustiations  in  these  publications  have 
figure  and  mdex  numbers  for  proper  repair  part 

•  identification.  The  figure  number  represents  a  ^ 
unit,  the  index  number  identifies  just  one  part 
of  that  unit.  Each  urflt  has  an  Identifying  n«n:*ber 
and  jajicompanying  each  nunruci;  are  the  name  and 
description  of  the  part  it  represents.  There  are 
many  Index  numbers  within  a  unit  -  as  many  as 
500  separate  parts.  Wlien  a  Federal  Stock  Number 

'  (FSN)  cannot  be  found  for  a  part,  an  IPB  will 
furnish  the  supply  department  information  which 
csfti  help  .identify  the  part.  Anexample  of  informa- 
tion Obtained  from  an  IPB.  is  as  follows:  IPB 
number  OP-1764-IPB,  vol.  3,  figure  number  11, 
index  number  32,  identifying  number  177004-116, 
liame  and  description,  screw,  slotted,  filed.  No. 
6-32  by  3/8  in.,  fluanti^  used  in  assembly  2. 

Some  IPBs  have  a  crosa  reference  section 
which  converts  the  identifying  namt)er  to  a  pari 
number  or  FS  number.  These  cross  references 
are  not  the  latest  FSN;  the  appropriate  section 
of  the  COSAL-shQuld  list  all  the  latest  FS  numbers. 
An  index  of  IPBs  is  listed  in  OP-O.         ^  ^ 

HYDRAULIC  DIAGRAMS* 

Hydraulic  symbols  are  used  tlirou^out  the 
world  in  design,  operation,  and  maintenance,  of 
fluid  power  systems.  A  thorou^  knowledge  of 
hydraulic  symbols  wilL  enable  you  to  read  and 
understand  hydraulic  circuit  diagrams  and  oUier 
drawings  of  hydraulic  circuits. 

Hydraulics  today  have  many  and  varied  appH- 
cations;  therefore,  a  standardized  set  of  symbols 
was  agreed  uiX)n  at  a  joint  industrial  conference 
of      industry      leade.rs.     This  conference 
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t. 
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4 
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CUOSED  CENTER 


METHODS  OF.OPER-ekflOM 

CONTROL,BASIC  SYMBOL  — { 
"|0NTR0L,C£NTRJFUGAL 


CONTROL,COMPENSATOR  —  ^qMP 


CONTROL,COMPENSATOR 
PRESSURE 


PR  h 
COMP 


CPNTR0L,CQMPENSAT0R  ly^Mp 
j  '  TEMPERATURE      "j  CONT 


C0NTR0L,CYLINDER 
CONTROL,  DETENT 
C<5NTfe0L,M'ANUAL 


-[cylI 
[de^ 

MAN! 


CONTf^OL,MECHANICAL  — [MECHj 


V{PC)- 


V(PC) 


CONTROL,  MOTOR 
ELECTRIC 

CONTROL,  MOTOR 
HYDRAULIC 

CONTROL,PILOT 
HYORAliUC' 

CONTROL/PILOT 
AIR 


_^  ELEC 
MTR 


_  HYD 
^  fATR 


—  mo 


AIR 


—  SERVO 


CONTROL,SERVO  , 

Control",  SOLENOID 

CONTROL,  SOi-ENOID 
HYD,PrL0T6PERATED  — I  h?D 


CONTROL,  THERMAL      —  q>lERM 


1 


CONTROL,  PILOT  H YD.  HYD 
DIFFERENTIAL  AREA  iOlFF 
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LINES  . 

LINE,  WORKING 
LINE.PIUOT  .«i.<2ow) 
LINE,  DRAIN  (t<5W) 
LINE,  FLEXIBLE  '  j 

CONNECTOR  t  dot  to  be  3X 

WtCTTH  OF  ASSOCIATED  LINE) 

DIRECTION  OF  FLOW 
LINE^PASSINtT^'"'^ 
^LfNE/JOININGCT^ CROSS  etc.) 

/OOT  TO  BE  3XW) 

RESERVOIRCf^LUlb  TANK) 


LI  N£,TO  RESERVOIR 
ABOVE  FLUID  LEVEL  ,;^*- 

BELOW  FLUID  LEVBL^ 


manifold; VENTe6 

PLUG  OR  , 

PLUGGEO' CONNECTION 
TESTING  STATION 

COAGE  CONNECTION) 

POWER  TAKE-OFF 

RESTRICTI0N,CH0KE, 
FIXED  VISCOUS 

RESTRICTION,ORIFICE, 
FIXED  NON-VISCOUS 


MOTORS  A^ID  CYLINDERS 


MOTOR,  ROTARY 
FIXED  DISPLACEMENT 

MOTOR,  ROTARY .  - 
VARIABLE  DISPLACEMENT 


MOTOR,  OSCI LLATI N  G 


CYUNOER,SlNGLE  ACTING 
PLUNGER  TYPE 

PISTON  TXPE 


CYLINDER,DOUBLE  ACTING 
SINGLE  END  BOD 


DOUBLE  END  ROD 


MISCELLANEOUS  UNITS 


:  lU 


J 
t 


MOTOR,  DRIVE, 
ELECTRIC 

HEAT  EXCHANGER 


PtJRflPS 


PUMP.SINGLE 

.  FIXED  DISPLACEMENT 

PUMP,SINGLE 
VARIABLE  DISPLACEMENT 


■INTENSIFIER 
ACCUMULATOR 
FILTER 

STRAINER 
.PRESSURE  SWITCH 
PRESSURE  GAGE 
SPRING 

SHAFT,  ROTATING 


PONENT  ENCLOSURE 


/ 


'  Figure  14-lOB.— Graphic  Syfe^olB— Continued.  , 
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recommended  a  system  of  designatli^  symbols 
that  all  comnerclal  manufacturers  are  presently 
using.  These  symbols  for  fluid  power  diagrams 
are  listed  in  ML-STD  17-B-l. 

Qraphlc  syipbols  tfig.  14-10)  provide  clearcut 
circuit  information-,  and  well  prepared  circuit 
.  diagrams  show  every  part  of  a  hydraulic  circuit 
clearly.    Symbols    are    available^  for  most 
commercial  components. 

Hydraulic  symbols  show  connections,  flow 
paths,  ajsd  function  of  the  component  represented. 
Sym^ls  do  not  indicate  location  of  ports,  direc- 
tion trf  valve  movement,  or  ppsition  of  control 
elements. 

Hydraulic  symbols  may  be  rotated  or  reversed 
without  s(ltering  their  meaning,  except  in  the  case 
of  vented  lines  and^lines  to  the  reservoir,  where 
the  symbol  must  indicate  whether  the  pipe  termi- 
nates above  or  below  the  fluid  level. 

Line  width  does  not  alter  the  meaning  of* 
symbols.  A  symbol  may  be  dyftwn  ai^  suitable 
'Size,  and  size  may  be  varied  for  emphasis  or 
clarity*  . 

Letter  copibinations  used  as  parts  of  graphical 
symbols  are  not  necessarily  abbreviations.  These' 
•  combinations  may  be  memorized. 

,  Where  flow  lines  cross,  a  lobp  is  used 
except  within  a  symbol  envelope.  In  multiple- 
envelope  symbols,  the  flow  condition  sljown 
neare'st  a  control  symbol  takes  place  - when  that 
control  is  actuated.  Each  symbol  is  drawn  to 
show  the  normal  or.  neutral  condition  of  a 
component,  unless  multiple-circuit  diagrams  are 
furnished  showing  various  phases  of  circuit 
operation. 

Arrows  within  the  symbol  envelopes  show  the 
direction  of  fluid  flow.  Double-ended  arrows 
indicate  reversing  flow,   '  o  ' 

External  ports  are  located  where  flow  lines 
connect  to  the  basic  symbol,  except  where  a 
,  component  enclosure  is  used.  When  the  enclosure 
symbol  Is  used,  external  ports  are  at  the  inter- 
sections of  flow  litiesandthe  comp^eAt  enclosure 
symbol.  '  *  ' 

The  basic  symbol  fpr  a  pump  is  a  circle. 

Lines  connected  to  the  circle  represent  pipes  ol 
JUnes  connected  to  the  pump.  Rotating  shaits  in 
/pumps  are  indicated  by  curved  arrows  on  the  side 

of  the  eiivdi  nearest  the  viewer.  Shafts  may  be 

shgsorlo'lT^^  injme  or  both  directions.  Pump 
^controls '  are  iTlSScated  by  a  rectangular  box 
•attached  to*  the  pump  toclopure,  with  the  means 
pi  controlling  the  jiuthp  printed  inside  the  box. 

Letters  shown  in  the  pifinp  envelope  denote  pump 

characteristics. 


The  basic  symbol  fbr  a^  fluid  motor  is  a 
circle,  with  an  abbreviation  Inside  the  circle  to 
indicate  the  type  of  m  Jtor,  There  are  also  symbols 
to  show  cQnne^cted  pipes,  shaft!  rotation,^  and 
controls,  when  applicaftle. 

.The  basic  symbol  for  a  hydraulip  valve  is  a 
rectangle,  sometimes  called  the  valve  envelope. 
As  in  puinps  and  motors  the,  envelppe  represents 
the.  valve  enclosure  or  body.  Lines  within  the 
envelope  show  flow  directions  brfJWee^  the.  valve 
inlet  and  outlet  openings.  Single-envelope  symbols 
are  used  when  only  ob^ow  p^  exists  tlyxju^ 
the  yalve.  Flow  lines  wiffiln  th^  envelope  indicate 
static  <X5ndftionB  when  the  acfamtl^  signal  is  not 

•s^OTplied.  yv 
^S-  Multiple-envelope  symbols  >a^§/^  used  when 
more  tEan  one  flow  path  exists  through  the  valve. 
The  envelopes  can  be  visualized  a^  being  moved 
to'  show  how  flow  paths  chaj^  when  the  valve 
element  in  an  envelope  is  shifted  to  its  vsaious 
positions.  ^  ' ' 

4  .  Multiple-envelope  valves  consist  of  an 
envelope  for  each^  operating  posftion,  internal 
flow  paths  for  each  valve  position,  and  external 
ports  at  the  normal  or  neutral  valve  position. 

A  component  enclosure  niay  surixiund  a  symbol 
or  group  of  symbols  to  represenb  an  assembly. 
It  is  also  used  to  convey  more  information  about 
component  connections  and  fiftctions.  The 
enclosure  indicates  the  limits  of  the  component 
or  assembly.  External  ports^are^assimied  to  be 
on  the  enclosure  line  without  loops  or  dots. 

There  are  five  ,  major  types  of  .hydraulic 
diagrams:  graphical  diagram,  circuit  jiia^am,  ' 
cutaway  diagram,  pictorial  diagraA,  and  combi- 
nation diagram.  *  •  - ,       ,  . 

A  gr£^)hical  diagram  shows  each  piece  'of 
hydraulic  gear,  including  pipe  collections,  and 
uses  approved*  symbols.  It  also  sho^s  the  function 
and  control  of  each  component.  * 

A  circuit  diagram  uses  approved  symbols  to 
show  each  piece  of  hydraulic  gear,  and  pipe 
connections.  In  addition  it  contains^  a^confponent 
•list,  pipe  size,'  and  data  on  the  sequence 
of  operation.  The  title  box'contaiiife^the  drawing 
number,  title  draftsnian*s  ij^e,  and  other  infer- . 
mation.  The  circuit  diagram  also  gtves  .complete 
information  for*assembly,^^stlng,  and  operation*. 

A  cutaway  diagram  shows*{he  principal  inter- 
nal working  parts  of  all  hydraulic  components  in 
the  circuit;  it  also  shows  controls  "and  actuatii^  . 
^devices,  piping,,  and  the  function  of  each  inde-^  * 
pendent  compprient  , 

A  pictorial  diagranv.  shows  each  hydraulic 
.component  In  its  actual  shape  (according  to  the 

•  .     *     »  , 
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*  CYL     -CARRIAGE  RETURN  CYUNOER       *  ? 
V       •  VALVE      •  ./     %  C 

SCR      CARRIAGE  RETURN  SOLENdO  VALVJE 


Wrn)  ACC  ACCUIiiULATOR    ^  -  \ 

GA     ^  PRESSURE  GAGE  (2000  PSU 

CV  ONE  WAY  CHECK  VALVE  \ 

PF  HYORAUUC  PUMP  -  '  * 

MJR  ELECTRIC  MOTOn  ( I  - 1/2  HP) 

PS  I  PilESSURE  SWITCH  (N\C.)  < 

STRN  HYDRAULIC  KulO  STRATNE?? 


Tigure  14-11.—  Carriage  Eetum  Hydraulic  Fluid  Flow  Diagram, 
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nianufacturer*s  drawii^, '  and  .  all  piping,  and 
general  arrangement  of  aUpipii^. 

A'  combination  diagj;am*u6es  eombinatJons  of 
graphicaU  cutaway,  apd  pidt6rial  symbols.  Inter- 
connecting piping  is  also  shown*  ^ 

.  Figure  14-11  illustrates  how  JIC  (joint, 
industrial  conference)  symbols  arp  usM  In  a 
hydraulic  flow  diagram'*  There  are^jpiany  other 
varied  applicafions  of  other  types  symbols 
used  ib  OPb  printed  before  the  current  standards 
became  effective^  Each  Oi>  or  CD  should  explain 
,the  purpose  and  function,  of  each  symbol  used  in 
I  the  , hydraulic  or  mechanical  drawing.  Blufeprint 
Reaiding  and  Sketching,  NAVHDTRA  .;.0077-C; 
Fluid  Power,  NAVE'DTRA  16193;  MIL-STD-12C 
(Abbreiviatloas  for  Drawings);  and'MIL-M-38784 
.CTechnicai  Manual  Pr^aration)  give,  some 
elementary  information  on  the  theoretical  back- 
ground of  drafting,  on  how  to  read  drawings  of  all 
types,  how  to  sketch,  what  type  of  information  Is 
found  in  a  title  box  of  blueprints  and  schematics, 
and  ad^ditional  information  on  symbols  used  in 
electrical,  .electronic,  and  pneumatic  sketchesr.. 


blueprints,    schematics,  block   diagrams,  and 
mechanical  drawings.  ' '       .  , 

PART  NUMBERS        _  ^     -  ^ 

When  ordnance  parts  are,  identified,  through 
the  'use  of  Illustrated  Parts  Breakdown  (IPB), 
ordnance  drawings,  or  from  part  of  naffinufac- 
turer*s  numbers  stamped  on  the  parts,  a  Federal 
Stock  Number  (FSN)  for  each  patt  Is  required 
before  the  parts  can  be  requisitioned.  These 
numbers  (FSN)  are  listed  inlhe  Coordinated  Ship- 
board Allowance  ^ist  (COSAL)  which  has  a  cross 
reference  section  that  converts  a  part^number 
to  a  FS  number^ 

The  COSAL  establishes  the  shipboard 
allowance  for  Installed  and  portable  equipment, 
equipage,  and  supporting  material.  Each  COSAL 
is  prepared  lot  an  indiyiaual  ship  and  enables 
that'  ship  to  have  a  maximum  self-supporting 
<^apability^  foor  ah  e?ctended  period  of  time. 

Ships  are  fssue<|  a  separate  COSAL  for  each 
category  of  materials  The  index  to  all  COSALS 
is  issued  by  the  llaval  Supply  Systems  Command. 
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Normally/  one  co^y  of  the  o^dnarice  COSATL  is 
kept  by  the  supply  department  and  one  cop> 
the  weapons  department. 

If  an  FSN  for  a  part  cajinot  be  found^  the  part 

*  can  be  requisitioned,  by  the  dj^wlhg  and  piec-e 
numbej  and  any  other  identification  such  as  the 
e^ipment's  Mk  and  Mod,  the  manufacturer's 
name,  the  amperage  and  voltage  rating,  the  name 

•  df  electrical  parts^  and  the  aerial  number  of  the 
major  unit  from  which  the^part  was  removed, 
^ditional  information  about  a  part  can  also  be 
obtained  from  equipment  IPBs. 

For  tl^e  propei*supply  procedures  for  requisi- 
tioning repair, parts  and  standard  stock  items, 
refer  to  the  effective  -edition  of  Militarj  Require- 
ments for  PO  3/2,  NAVEDTRA  10056. 


BATTERY  ALXGNMEWT 

'     y /  ^-       '  s  • 

As  you  already  know,  the  bore  of  She  gun  is 
the  first  part  of  the  projectile/s .  trajectory. 
Whether  the  projectile  hite  its  target  depends  in 
part  on  how  the  gun  is  aimed.  * 

Aiming,* in  turn,  depends  on  the  si^ts  and 
on  the  rest,oXJthe  fire  control  equipment; Tpda> 's 
Navy  uses  the"  best  guns  arid  the*  Ij^st  sig^iting 
and*fire  control  equipment.  But-guns  plus  sighting 
are  no  guarantee  of  accurate  lire  — unless  they 
are  lined-up^  to  work  fogether* 

The  pf^l^^ss  of  lining  up  the  guns  (or  the 
jocket  lynchers  and  projectors)  of  abatter>  with 
the  sitting  andfire  controjequipment  that  directs 
its^  fire  is  called  batter>  .alignment.  It's  a  big 
^  and  important  job  calling  for  the  cooperation  of 
Gunner's  Mates  and  Fire  C6ntrol  Technicians. 

The  complete  gun  battery  alignment  job  is 
complex,  involving  not  only  the  gun  mounts  and 
turrets  but  the  director,  computer,  fire-^control 
.  radar,  and  data  transmissioiv  The  best  general 
reference  on  battery  alignment  i^  OP  762.  In 
this  course  we're  mainly  concerned  with 
two  phases  of  batter>  alignment  -  boresighting 

and  tramming.  We  take  up  boresighting.  first*  ^ 

•  •  «'  *  ^ 

BORESIOnTING  )  ,^ 

^  f 
Boresighting  is  the  procedure  used  Tor 
adjusting  gun  sights  so  that,  at  zero  deflection 
and  si^t  angle,  the  lines  of  sight  through  the 
gun  si^ts.  will  either  be  parallel  to  the  axis  of 
the  bore,  or  will  intersect  the  bore  axis  at  a 
specified  range,  | 

The  gun  sight  lines  of  sight  ahd  the  axis  of 
the  borer  pf  a  gun  can  intersect  at  only  one  point. 
Thus  a  gun  can  be  boresighted  with  perfect 


accuracy  at  only  one,^ 
in  error  at  other  ra 
weapons  of  relatively.  ^ 
guns,  are  boresighte;!DC^i£| 
weapon  is  best,  adapt^^' 
RANGE.    You'  Will  fi: 


^nie  sights  will  be- 
lr3cr|i^mtze  .thi^.ef  i  or,. , 
"  in^;*like  machine- 
i^S^e  for  which  th^ 
^  ^|,:'^A1<  BATTLE 
JJ^I^^^Dire,  the  20-mm 
guns,  for  example,  ii^&;^i]gited  so  that  at 
zero  deflection  and  \\?^!^^^x^p^  the  lines  of 
sight  through  the  sig^1fe^fi^;>^tK^'^  of  the  bore 
converge  at  about  ijtQOfr,^^fi^:,'r,* 

—   c  2 — u  '  mean  battle 

_  l^^i^t  telescopes, 
however,,  are  located.  pplV;"^ 
most  a  couple  of|  feet  fro^!|| 
result  is  that  atsuch  range^^ 
th  rpugh  the.  iigjits  an^Jf w 
6&tv6rge:.yerjr  little  —  soilT^^ 
considered  parallel,  for 


Guns  6-inch  and  la 
ranges  of  several  milesi^ 

'  "'  ^fiWr  inches- or 
^^gun  barrel.  The 
3E;,Unes  of  Sight 
f iais  of  the  bore 
j&at  they  can  l>e 
jtidil  purposes* 

Suck  guns  are  therefore  oft^p^resi^ted  either^ 
^.^^at.  infinity"  (v^ich  meaii^^^l^^  the  target  is* 
pohsidered  to  be  an  im  neastS^l^distance  away) 
or  at  ver>  distant  targets  — "l^MiS^enou^  s^o.that 
their  exact  range  is  ummpori^^l,  h  star  or 'olJher 
heavenly  body  is  at  'Mnfinite^^^i^lgtance  for  bore- 
sighting; a  shipor  landmarkneaSiron^e  horizon 
is  also  distant  enough  to  be  a,  saij^^le  boresighting 
target.      '  *       ?  ^ 

Boresighting  On  Distant  .Target  \X 

In  figure  14-12  you  can  se^  'how  the  basic 
method  of  distant-target  boresighting  works.  Here, 
the  target  at  which  the  lines  6t  sight  and  the 
axis  of  the  bore  intersect  is  a  distant  lighthouse. 
The  target  could  as  wejl  be  som^  other  distant 
but  clearly  defined  landmark,  or  ajieavenl>  body  . 
like  the  moon  or  a  star*  Or  it  could  fe^  set  up 
at  the  prescril^  **mean  battle  rs^nge*'.  The 
boresighting  propedure  is  the  same^ 

The  weapons  officer  or  one  of  h^s  Ranking 

assistants,  will,  decide  on  the  exact  grange  and 

target  *to  be  used  in  boresighting,  Boresighting 

procedure  .varies  in  detail  from  one  gun  to  the 

next,  but  its  fundamental  steps  are:,  , 

.*  .  i  ^ 

'    ,  \\\  . 

1.  Establish  the  axis  of  the  1x5rey 

2.  Check  for  and  eli^nlnate  losf  motipn  and 
loosened  in  the  sight  m'echanlsnri.  . 

3.  Sf^t  the  axis  of  the  bore  so  that  it  is 
adimed  at  a  specific  target^  sef  af  the  pre- 

_scrlbed  distance  (either /^infinity**, or  the 
bat|le  range).   -  -\  i  -  \    , .  \ 

4.  Setwsi^t  angle  and  deflection  at  '^ero. 

5.  Sigtt    through    the    telescopes  without 
diswroing  the  dial  settings^ 

S.  Pieqk  the  worlc,  ' :  '  ^  i 
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Target. 


on 


84.281 
Distant 


That,  as  'far  as  fundamentals  are  concerned, 
is  all  there  is  to  the  basic  method  oftxjre- 
sighting.  In  practice,  though  fundamentals  are 
the  same  all  the  time,  there  are  some  complicating 
details. 

The  most  important  of  these  is  concerned 
with  the  first  step  — establishing  the  axi^of  the. 
bore.  You  donH  just  open  the  breech  and  squint 
through.  Since  this  is  a  precision  operation,  >ou 
must  ufife  a  precision  optical  instrument-  the 
boresi^t  telescope.  We'll  go  into  further  detail 
on  boresight  equipment  later  m  this  c^^pter. 
First  let's  briefly  consider  a  method  of  tjore- 
sitting  somewhat  different  from,  the  basic 
distant-target  method  most  often  used. 

Boresi^ting  With  featten.  Board 

Boresightmg  can  be  done  f>>  use  of  a 
batten  board.  A  batten  bo^ird  is  a  flat  (usually 
wood)  panel  on  which  target  markings  are  tacked, 
or  painted.  The'batten  can  be  set  up  on  the  ship*s 
deck,  or  it  can  be  attached  to  the  gun  muzzle. 
Batten  boards  are  used  generally  when  the  ship 
is  in  drydock  or  under  constructioh.  Their  main 
advantage  .  over  distant-target  boresi^ting  is 


And  zero  deflection  angle  (500  on  most  deflec- 
tion dials).  Batten  boards  also  c^  be  used  where 
limited  visibility  makes  distant- target  bore- 
sighting  impraqticable. 

Batten  board  toresighting  qan  be  done  in  two 
ways.  Each  has  its  own  special  uses.  One  method 
is  to  set  up  the  batten  board  on  ifs  own  Support, 
with  target  markings  painted  .on  it  or  attached  to 
it.  In  figure  14-13  we  see  such  a  set-up  for  a 
5"/38  open  mount;  The  exact,  dimensions  for  the 
target  pattern  are  shown  at  the  left.  The  targets 
are  spaced  to  cu^rfespond  with  the  spacing  of  the 
^telescope'  lines  of  sight  and  the  gun  bore  axis, 
with  sights  at  zero  sight  angle  ahd  deflection. 
Three  plumb  bobs  are  suspended  in  front  of  the 
targets.  (The  bobs  are .  immersed  in  water  in 
the  buckets;  this  quickly  damps  oiit  any  tendency 
tt>  vibrate).  The  ^ines  are  long  enough  to  accomo- 
date a  gun  elevation  of  at  least  30^  The  liiies 
and  batten  are  set  up  about  TO^eet  from  the  mount. 
Then  the  mount's  roller  path  must  be  made  hori-, 
zontai,  and  finally  the  mount  is  trained  ajid 
elevated  and  sight  cross-hair  movement 
is  observed  to  see  how  well  it  coincides  with* 
the  lines  on  the  batten.  The  procedure  (tier^giveh 
,oni>  in  brief  summary)  is  elaborate  and  pains- 
taking, and  because  of  the  requirement  that  the 
roller  path  be  horizontal,  ycSu're  nof  likely  to 
have  to  do  it  aboard  ship.  This  method's  main 
purpose  is  to  establish  the  accuracy  of  gun 
movement  in  train  and  elevation. ' 

Another  variety  of  batten  board  is  used  for 
varifying  the  accuracy  *5f  sight  movement  in 
.elevation  and  train.  This^batten  is  a  frame  care- 
full^  aligned  and  secured  to  the  chase  of  the  gun. 
Figure  14-14  shows  the  set-up  for  a  Mk  39, 
5-inch  mount.  The  princigle  of  this  boresighting 
procedure'  is  to  plot  targets  and  line-of-sig^t 
traces  vertically  and  horizontally  qn  the  board, 
then  to  check  the  accuracy, with  which  the  sights 
follow  the  traces  by  Qranklng*them  vertically  and 
horizontally  and  watching  the  crosshairs.  The 
batten  can  also  be  used  to  check  for  lost  njotion.' 
However^  unlike  the  separate  batten  board  method, 
the  chase -counted  batten  boresighting  procedure 
can  be  performed  aboard  JShlp.  ^ 

Both  batten  board  boi^esightlng  methc^p  are 
relatively  rare,  and  we  won't  go  into  the  detailed 
procedures  here,  (see  the  OP  on  the  gun  mount  if 
you  are  called  upon  to  boresight  with  a  chase- 
mounted  batten).  But  you  are  e:q)ected  to  know 


that  they  can  be  used  to  pheck  on  the  accuraci?" ^ow  to  fcjpresi^t  on  a  distant  target, 
of  sight  mechanisms  at  more  than  a  single^ight  We've  considered  briefly  and  in  a  generalw^y 
Single  or  deflectioi)  setting.  Boresighting  on  a  the  principles  of  boresighting.  Now  Ipt's  look 
distant  target  checks  si^t  accuracy  only  ktzero  at  the  equipment  that's  used  in  boresighting.  The, 
sight  angle  (2,000  on  most  sight  ^angle  dials)   main  Item  is  the  boresight^ 
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BORESIGHT 
TELESCOPE 


H 26.750" FOR  *  ) 
TEUSCOPE  83f 

TCUSOOPE  MC.  87j  * 


Figure  14-13.  —  Boresi^ting  With  Separate  Batten  Board. 
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The  boresight  is  an  optical  instrurnent  for 
establishing-  the  ^s  of 'the  bore  of  a  gun  and 
for  sitting  along  it.  -There  are  two  main  types. 

Breech-bar  Bpresi^ts 

In  this  type,  a  boresi^t  telescope  is  mounted 
in  the  center  of  the  gun  breech  by  use  of 
an  adapter.  Crosshairs  in  the  telescope  are  lined 
up  With  the  gun  axis  through  the  use  of  a  muzzle 
disc.  The  mazzle  disc  contains  five  pin  holes, 
one  center  hole  and  four  holes  eVenly  spaced 
outboard  of  the  center  hole.  The  telescope  cross- 
hairs are  aligned  with  these  holes  arid  true  align- 
ment with  the  gun  axis.  After  the  telescope  cross- 
hair alignment,  the  jrnuzzle  disc  is  removed  and 
the  gun  can  be  boresi^ted  on  a  target.  Three 
kinds  of  boresi^t  telescopes  for  breech-bar 
^  boresi^ts '  are  now  jin  use  in  the  Navy.  Any  of 

lie  three  can  be  used  in  any  breech-bar  boresight. 

!yhe  other  components' of  each  breech-bar  bore- 
Bitot  can,  however,  be  used  only  with  the  weapon 
for  which  they  are  intended.  Only  the  telescopes 
are  freely  Interchangeable.  Figure  14-1 5  shows  a 


breech-bar  boresight  installed  in  the  breech  of  ah 
8-inch  bag-tjrpe  gup. 


Boresi^hts  With  Self-contained  Optics 


This  class  includes  a  variety  of  'boresightfif^ 
The  feature  common  to  mbst  ofthemisthat,  when^ 
installed,  they  convert  the  entire  gun  barrel  into  ^ 
a  boresi^t.  Some  have  no  lenses  ~  they  cqnsijSt 
merely  of  crosshairs  in  an  adapter  at  th,e  muzile 
and  a  small  peephole  (for  .  instance,  a  little  hole 
drilled  in  the  center  of  the  base  of  a  cartridge 
case)  at  the  breech,  the  line  of  si^t,  as  it  runs 
throu^  the  peephole  and  the  intersection  of  the 
crosshairs,  coincides  with  the  l^re  axis.  Other 
boresi^ts  have  optical  lenses  in  adapters  that 
mount  at  breech  and  muzzle;  thus  the  gun  barrel 
becomes,  in  effect,  a  giant  telescope. 

TRAMMING 

Tramming  Is  the  procedure  for  verifying  train 
and  elevation  dial  accuracy  on  gup  mounts  and 
turrets*  «  - 
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TRUNNION 
CENTER  L'NE  ^ 


Figure  14-14. —  Boresighting  With  Chase-mounted  TBatten  Board. 
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WTien  you  measure  gun  elevatiorx^nd train,  you 
specify  the  angle degrees  and  mlhutes,  between  ^ 
the^-axis  of  the  bom  and:  '  '  ' 

A  p^ne  ^raUel  .to  the^  roller  path  of  the 
director  (for  el§vatipn  angle). 
A.  plane  through  the  centerlinaof  the  ship 
and  perpendipular  to  the  plane  of  the 
director  roller  path   (for  train  angle) » 


1. 


2. 


This  may^  sound  complicated  but,  if  .you  re-, 
member  the  chapter  on  fire  control  earlier  in, 
this  course,  you'll  find  it  easier  tftan^tsbunds. 
/  ,  To  make  train  apd  elevation  angle  meastrte*- 
ments  accurate,  gun  mounts  and  turrets  must  be 
very  carefully  aliped  ^iien  they  a^el  installed. 
To ,  keep    such   ajieasinrem^nts    accurate,  the 
Gunner's  Mate  check^^  the^xlials  on  his  mount^ 
that,  register  anglBfcof.  train  and  elevation  with' 
the  actual  positioiWIf  the  mount  by  means  of  a 
tram  and  t^arti  blocks.  *  , 

The  basic  idea  ofjbramming  is  to  position  the 
gun  at  a  kno\yn  angle  of  elevation  or  train  (de- 
pending on  which  "Jou'ce  checking),  then  see  that, 
the  elevation-angl'e  or  train-angle  dlels  register 
exactly^  Uie  angle  jjhe  mount  is  elevated  or 
trained  ti),  There  is  only  one  elevation  angle 


and  one  train  angle  at  ,  which  any  mount  can  be 
trammed.  These  angles  are  recorded  In  the 
battery  or  mount  log.  ^         .  * 

Tram  blocks  are  steel*^,locks  ;ivi^^e€K9r  bolted 
to  the  mount  In  pairs,  one  pair  foS^amntiing  in 

.  elevation,  and  the  other  for  tramming  In  trajti). 
As  you  can  see  In  figure  14-16  one  of  the  pair  of 
blocks  for  cheokii^  elevation  Is  welded  to  a  part 
of  the  mount  that  elevates  (the  slide);  the  other 
is  welded  to 'a  part- that  does  NOT  move  In 
elevation  (the  carriage).  Similarly,  one  of  the  pair 
for  tramming  In  train  Is  welded  to  a  part  that 
moves  In  train  (the  base  rln^,  and  theipther  tp 
a  .stationary  part  (the  stand)  secured  to  the  deck. 

A  typical  tram'  block  for  a  5' '/SS  mount  is 
shown  in  cross  sectiop  In  figure  14-1?;  ImToedded 
in  'the  block  Is  a  short  steel  pin  whose  outer  end 

*ls  cupped  to  take  the  tram.  The  tram  block  face 
Is  covered  with  a  metal  cap  and  packed  with 
grease  to  prevent  corrosion.  The  block  Ip  un- 
covered .only  far  tramming,  and  Is  repacked  when 
th6  cover  Is  replaced.  ^    .  ^ 

The  tram  bar  Itself  has  two  rounded  ends.  Ope 
Is  part  of  the  body  or  barrel,  but  the  other  4s 

.  part, of  the  spring- loaded  sleeve  or  rod  that  can 

^  riio^e  within  the  barrel.  A  small  window-like  hole 
in  the  barrel  has  an  Index  line  scribed  across  It. 
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JFigure  14-16.  —  Breech-^ar  Boresi^lrf.  Installed 
In  Bag- type  Gun  (8-inch). 


A  line  scribed  on  thg  sleeve  canine  matched  up 
with  the  barrel  ind^  line  Jjy  moving  the  slee^^^ 
in  the  barrel.  ^  ' \^ 

When  not  in  ijpe,,gpe^am»iaicept  stowed  in  T 
its  container  with  a  tram  gagi^^fhe  tram  fits  y 
between  the  cupped  en3s  of  the 'gage.  When  itlS' 
in  the  gage,  the,  scribe  marks jDnbatrel  and  sleeve 
should  line  up  exactly.  This  verifies  that\the 
tram  is  the  fight  length. 
,1  Here  are  the  main  steps  fdrtramming  in  train: 


I.  Remove  the  tram  from' the  g^^t  first 
checking  to  be'  su^that  the»^age  indicates?  the 
tram- is  OK. 


2.  Set  the  mount  parallax  indicator  (if  any) 
at '  zero.  Train  the  gun  until  the  train-angle 
indicator  shows  that  the  mount  is  at  the  approxi- 
mate^ train  angle  for  txamraing.  The  value  of  the 
angle  may  Vary  for  different  mounts*  Vou  should 
be  abie  to  find  th6  exact  value  of  the  angle 
entered  in,  the  battery  log,  or  it  may  be  inscribed 
on  th4  tram^blocks  themselves.  f 

3.  Uncover  the^tram  blocks. for  tramming  in, 
train.  Clean  away*  excess  grease  and  seat  the 


ends  .of  the  tram  finrily  in  the  pirife  of  the  blocks. 

Train  ,the  mouh^if  necessary  to  do  this.  * 
* '    4.  .rWith  the  tram  ends  seated^  train  the  mount 

carefully  in  manual  to  compress  the  tram  until . 

the  scribe  marks  on  barrel  and  sleeve  line,  up 
\  exactly.  The  mount  is  now  trammed  in  train. 

.  .  This'  step  sounds  easy,  but  i^uires  cautioiu 
If.  the;  tran>  hasn't  been  properly  seated  in  the 
blocks*,  or  if  the  gun  isn't  moved  carefully  while 
the  ^am^  is  in  place,  the^tram  can  snap  out  with 
enough,  fb3:c56f  ti>  cause  injury.  Don't  let  it  happen 
to  you.'  This  caution  applies^to  tramming  in  ele- 
vation as  well  a^  in  train. 

Take  a*  reading  on  the  train-angle  indicator 
dial.  It  should  "agree  exactly  with  the  value  yoyi 
were  given  in  step  2  alSove.  If  it  Jioes  not,  the 
indi^^  needs*  adjustment.  Tl^e  adjustment  pro- 
cedSH^ries  with  different  mounts,  ancf  is  no^ 
desci^jH  here.  -  *  -  ,  • ' 

Tramtning  in  elevation  is  similar  to  tramming 
*in  train.  However,  on  mounts  equipped  with  roller 
path' compensators,  you'll  have  to  train  the  gun  to 
a  point  at  which  roller  path  compensation  is  zero^ 
There  are  in  theory  two  such  zero  points  in  the' 
roller  path  of  every  mount,  but  many  mounts  that 
cannot  train  a  full  360®%ill  actually  have  onry 
one  usable  po.int  of  zero  compensatioij.  The  exact 
tratn  angle  at  which  th^  point  is  located  should 
be  recorded  in  the  fire-control  log..  Your  weapons 
officer  or  chief  can  tell  you  what  it  is,  or  show 
.  you  how  to  read  the  roller  path  compensator  so 
vthat  yotf  can  find  it' yourself. 

Once  you've  trained  the  mount  to  the  correct 
angle,  the  procedure  in  elevation  is  similar  to  the 
one  for  tramming  in  train,  except  that  you  use 
the  elevation  tram  blocks,  controls,  and  angle 
indicator*  The  same  tram  is  used  in  both  cases* 

In  tramming,  acrewof  bvo  is  enough— one  nian 
at  the  controls,  one  at  the  tram. 

The  tram  and  tram  l»locks  picturecj  ja  figiire^ 
14-16  and  l4-17/are  the  type  you  Will  most  often 
come  across.  Older  mounts  may  have  tram  marks 
instead  of  blocks,  and  a  one-piece  monadjustable 
tram  with  accurately  machifled  points  that  you 
register  with  the  marks  when  the  mount  is 
trammed* 

Tramming  to  check  the  accuracy  of  train  and 
elevation  indicators  is  ygur  responsibility  as  a 
Gunner's  Mate.  Tyammlng  isusedalsoindireptor 
checking  and  aligning 'sights.  In  these  jobs  you 
work  with  your'  chief  and  with'  Fire  Control 
Technicians  but  the  essential  tr am Jilng operation 
i»emains  the  sanao^io  .  / 
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Figure  14-17.  —  Tram,    Traip  Gage,    and  Tram' 
Block  (detail).  ^  •  - 


MANDATORY  TURN-IN  REPAIRABLES 

*  S^nce  you  will  no  doubt  encounter  the  terms 
"mandatory  turixrins"  and  ••repalrables"  in  the  / 
process'  of* obtaining  replacement  parts  fronx 
supply,  it  will  be  helpful  if  you  understand  th.e^ 


jSurpose  of  the  program  and  your  *respon^ibili ties 
to  it,  . 

V/hen  any  of  your'  equipment  falls ,  your 
primary  concern  ilB  to  locate  the  trouble^  correct 
it,  and  get  the  equipment  "back  on  the  line". 
In  most  instances  this  involves  tracing  the'troiible 
to^a.  defective  part,  preparing  a  NAVSUP  1250 
(or  DD  1348),  obtaining  the  replacement  part  from 
the  supply  stoVeroom,  installing  it, -and  throwing 
away  the  defective^  part.  Wh^n^  the  defective 
part  is  expensive  and  repairable,  we  encounter 
the  repairables  prograrti. 

A  large  number  of  parts  can  be  economically 
repaired  when  they  fail.  This  results  in  savings 
of  dollars  and  time  since  it  is  quicker  and  cheaper 
to  repair  an  item  than  to  contract  for  an  buy 
n6w  one— provided,  that  the  old  item, is  promptly 
returned  in  a  repairable  condition.. 
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For  fhe  progranTto  Work  as  intended,  you  and 
others  have  certain  responsibilities.  At  tiie  time 
your  request  for  mandatory  tutn-in^item  Is  pre- 
sented to  supply,  they  must  inform  you  that  the 
defective  item  is  ^  to  be  returned.  At  this  point 
ypur  responsibilities  begin'.  You  must: 

1.  Remove  the  "defective  part  without  damaging 
it.  f 
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2.  Provide  adequate  proteclion  to  the  part  so 
that  it  will  not  be*further  damaged  before  it  is 
turned  in  to  supply*  The  most  effective  way,  for 
all  concerned,  is  to  place  the  defective  part  in 
the  same  container  in  which  you  received'the  • 
replacement  part,  ^ 

3.  Resist  '^e  temptation  to  cannibalize  the 
part  for  components  which  you  m*ght  possibly  use 
sometime  in  the  future, 

4.  Return  the  defective  part^to  supply  as  soon 
as  practicable, 

^Mien  the  required  part  is  nof  in  the  storeroom, 
ngUppTy  mas'tjthelTTake  apprdpflafe/actiorvto  obtain, 
it.  The  fatied^art  must  still  be  returned  and 
should  be  turned  in  prior  to  receiylng  the  replace-^ 
ment  part.  This  way  the  failed  part  pan  enter  the 
repair  cycle  and  be  available  for  reissue  that 
much  sooner.  The  only  exception  should  be  ^en 
the  failed  .part  will  permit  linilted  or  reduced 
operation  of  an  equipment  until  the  replacement 
is  received*         '  *  r  * 


^.     SAFEGUARDIJJG  CLA_SSIFIED  MATTER 

The  security  of  the  United.  States  in  gener^ 
and  of  naval  operations  in  particular,  depends  in 
part  upon  the  success  attained  inthesafeguardii^ 
of  classified  information.  Security  is  no^  ^ 
separate  burdea  to.be  imposed'on  personnel,  but 
an  integral  part  of  the  routine  duUes  performed  by 
personnel.  The  ideal  to  be  sought  erf  all  personnel 
is  that  they,  automatically  exercise  proper  discre- 


tion  in. the  discharge  6f  their  duties  And  dt>  not 
think  of  securi^  of  informatign  a6  something  sep- 
arate a|id  apart  from  oUieV  ^Wngs,  In  this  way, 
security  of  classified  infbntfation  becomes  a 
natural  element  and  poses  no  additional  burden. 
You  will  find  some'^ag^ic  information  on 
security  in  chapter  TofMilitaij^Requirenjehtsfor 
Petty  .Officer  S  «r'2,  NA VEDTR^  1Q056-C.  In 
Seaman,  l^VEDTRA  10120--:iij^oij^^  about 
logging  classifi^  mail,  and  how  to  handle  classi- 
fied corresponiSence,  Soq^ie  general  pointers  on 
security  of  classified  information  were  given  in 
Basic  vMilitary.  ..Requirements,  NAVEDTRA' 
100"54-C,      ^        s  _       .  r     ^  ...^.^..^^ 

,  "  Ptiblications^givlng  any  Informatjor)  on  nuclear 
weapons  or  cpmponentsWvethe^additional  classi- 
fication of  lRESTRICTEb//rhe  material  may  be 
marked  Confidential  Restricted.  Data,  Secret  Re- 
stricted Data,  or  Top,  Secret/ Restricted  Data, 
There' is  also  Formerly  Restricted  Data,  These 
also  have  the  addifiotial  line,  ""Atomic  Energy 
Act  of  just  below  the  c\assipcation.  The  ^ 

old  '  restricted  '  classification,^  ^not  applied  to 
nuclear  informa'lion^  has  beeji.discontinued. 

Complete  instructions  on  classified  matteri^ 
are  contained  in  the  Information  Security  Program 
Regulation  pOD  5200t.' 1:R)' and  OPNAVINST 
5510,1E,  "Department  pf  the  Na^  Supplement  to 
the  DOD  *  Information  Security',  Prografn 
Regulation",  These  pulplication&^^rfe  those  With 
which  you  should  become  fam'liar.  Use  them  as 
the  authoritative  source  of  reference  whenever 
a  question  of  security  £lrisefe. 
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Computer,  Fire  Control,  462  - 
Computer  MiC  47  and  116,  472 
Converter ^IK  20,  472  . 
Couplings,  192-194  : 


Data  Flow,  462-465     .  .        '    ,  , 

fuze  setters,  464 

mQunts  and  turrets,  464 

transmitting  information  electillaljiy,  464  * 
-Decoys,  Chaff  Cloud,  408-414 
Defense,  Antisubmarine,  393-400 
Defense,  Point,  400-408 
Demolition,  163-172 

blasting  caps ,  1 63-1,67-^,  i 

charges,  163 

locatii^  breaks  in  firing  circuit,  I7l   '  ^ 
safety^  171  I 
'     setting  .up  electrical  circuit  and  blasting, 
167-171 

Demolition  Materials  And  Land  J>arty 
Equipment,  153-172 
,  Diagrams,  Logic,  219-223 
Director  46W$t2 
Distress  Signals,  2l\ 
Drawings,  Ordnance,*505-5l2' 
Dual  Synchro  Systems,  291-296 


Electrical  and  Electronic  Circuit 
Analysis,  195-243 
Electrical  Circuits,  195-213 

AC/pC  Electricity  Theory,  I95rl99 

circuit  building,'  l99*-202 

circuit  testing,  202-212 

current  measurements,  2i2 

Electrical  EqOfipment  Maintenaiice,  487-489 
.  testing  firing  and  lighting  circuity,  488 
using  wiring  diagrams,  487  ^ 
Electrical  ^ero,  228    ^  -        v  * 

Electric-Hydraulic  Power  Drive,  296-298 
Eleetro^Hydraulic  Power  Drive  ^ 
Fundamentals,  244-302 
Electl:t)-Hydraulic  Servo  Vafve,  284-287 
ElectronTiibe  Circuits,  237-242 

chafacteristicfi  of,^37  '  ^ 

testing,.^3rf-240  \  ^  ' 

troubleshooting  tube  circuits  using 
voltage  tests,  240-242         '       \  '  . 
Electro  Servo  Control  Unit,  287 
Emergency  and  {Preventive  Matntens^ce^  474-476 
Enlisted  Bating  Structure,  1-4  ^ 
A  gunner's  mate  ratit^,  1-3 


Explosives;^  12- 1§ 

.  characteristics, ;i2 
ciassificatioW,  13-16 

, explosive  tearnis,  13- 
Explosives  and  Pyrotechnics,  12-30 
E^^losive  Terms,  ifs .         -  ^ 


'Filler  (Burster)  Explosives,  I9r2l 
Fire  Control,  Centralized,  455-459 
Fire  Control  Director,  460 
Fire  Control  Instruments  and  Techniques, 
450-473 
^  safety,  473 
Fire  Control  Problem^  4l8r449 
eany  iire  control,  418 
inherent  corrections,  430-433 
modern  fire  control,  419 
-   safet])-,  448 
^  tajgefi  j^osition,  426-430         v«  • 

Fire  Control  System  MK  68,  468-473  / 
'computer  MK  47,  472 
computer  MK  116,  472  ; 
converter  MK  20,  472 
director  MK  68,  469-472 
radar  MK  53,  472  • 
stable  element  MK  16,  472 
star-shell  computer  MK  1,  472 
systems  components,  46.3 

Fire  Control  Systems,  Gun,  459 
Fire  Control  Tapes',  459-462  ^  * 

computer,  462 

fire  control  directot,  460 

search  radar  and  IFF,  460 

stable  elemen  ,  461  1 
Firing  gtop  Mechanism, -382-386 
tiring  Systems  Automatic  and 
Semiautomatijc,  86  . 
Firing  Systems^  Testing,  389-392 

^refjaratioii  for  firing,  392  «  #    ,  ' 

safety,  392* 
Flow,  Data,  462-465 
Friction,  246    .  .  • 
Fuzes,  41-44 
Fuze  SetterSf-l^C^^ 


Gas  Ejection  System',  309  .„     . '  ,  ^ 

Gear  Pumps,  Axwdliary,  26B 
Gears,  178  .  '         .  ' 

Generator  Power  Drive,  Amplldyne,  .298-301 
Gi^eases,  479  •  '  ' 
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Grenaide  Launcher  M79, 40rmm,  141-143 
.  controls  of,  141 
.field  stripping,  142. 
operating,  141 
Grenades,  Hand,  160-163  ^ 
Guided  Missile  Launching  System  MK  25,  401-408 
Gun  Ammunition  Lot  Numbers,  47 
Gun  Ammunition-Propelling  Charges,  31-34 

case  type,  31-34 
Gun  Bores  and  Chambers  Maintenance,  496-499 , 
Gun  Fixe  Control  Systems,  459  ^ 
Gunfire  Support,  Naval,  433-439 
Gun  Mount  Components,  303-310 
breech  mechanisms,  308 
carriage  assembly,  306 
gas  ejection  functions,  308 
gas  ejection  system,  309  "» 
housing,  306  y 
slide,  306  ^  ^ 
stand,  307  ^  " 

Gun  MQunts,'^03-358 
Gun  Mount,  5*V38  DP,  3l8r-327 
general  description,  318-322 
'  rammer  and  ammunition  handling  cycle, 
^  324-327 

recoil  and  counterrecoil,  322-324 
Gun  Mount,  3'V50  RF,  311-318  - 
animunitlon,  318 

autpmatic  loader,  312-315  *. 
construction,  312 
mount  control  stations,  315-318 
**  pea^sonnel,  31 8 
^^::f^-Mcjunt,  5^V54— MK  42,  Mods  3,  4,  7  and  8, 
3^^36-'''^  >4v.  .  o 

-'design  differences,  330-333 
*gim' laying  system,  333 
^  .   gun  loading  system,  327-330  . 
' '    personnel,  333-336  \ 

recoil  and  counter  recoil^  systems,  327  ' 
'  Gun.Mount,  5*V54-^I^IK  42,  Mod  9,  336-340 
control  system  changes,  337 
fuze  setter  changes,  337 
Icjad  to  fire  sequence,  338-340 
.personnel,  337  •  ■  ' 

Gun  Mounts  5'V54-MK42,  Mod  10,  340-346 
Gun  Mount,  5*^54— MK*  45,  Mod.O,  346-358 
components,  346 
control  systeni,  346 
load  and  tire  operation,  347-358 
.Gunner's  Mate  G  Rating,  1-11 
Giinsights,  450-455 

sights  and  rangjes,  451r455 
,  sights  with  fixed  optics,  450 
sights  with  moveable  optics^  451 
sights  without  optics^50 


H 


Hand  Grenades,  160-163  -  ^ 

procedures  for  throwing,  16^1-  ^ ' ' 
safety,  162  . 

types  and  characteristics,  160 
Handguns,  87-95 
assembly,  90 

automatic  pistol,  .45  caliber,  87 
disa^^mbly,  87 
operation  cycle,  92 
safeties,  91  ~ 
Smith  and  Wesson  revolver,  .38  calibeij^ 
93i-95  "  - 

Handtools,  ^93         ^  ^ 
Hydraulic  Diagrams,  ^7-511 
Hydraulic  Equipment  ^B^tenanoSi  489-49? 
^  draining  and  refilling  hydraulic  equipment, 
490  ^  ' 

exercising  and  inspecting  hydraulic 
gear,  4'90  ' 

filtering  hydraulic  oil,  490 
.gaskets,  oil  seals*  and  packing  rings,  491 
starting  a  new  or  repaired  systefe,  491 
working  witii  hydraulid  pipe  and  tubing, 
492* 

Hydraulic  Mechanisms,  247-258 

hydraulic  pumps^  251-258 

orifices,  247 

valves,  248-251 
Hydraulics;  Ordnance,  24f=247 
'  Hydraulic  Transmission,' Cab,  258-269 

r 

Identification  of  Anmiunition,  44-48 
IFF  and  Search  Radar,  460    .        »  * 
Information  Sources,  Maintenance,  504 
Inspection  of  Magazines,  51-54  - 
Instruments  and  Techniques  of  Fire 

Control,  450-473 
'issue  'and  Stow  Small  Arms,  150-152 


Landing  Party  Equipment  and  Demolitlcp 

Materials,.l53-172 
Landing  Party,  Ship's,  153-160 
Launcher,  Grenade  M79,  40-mm,  141-148^ 
Launchers  (rocket)  and  Projebtors,  393-417 
Levers  And  Linkages,  184-186 
Line  Throwing  Gun,  120-123 

firing,  120-123  . 
Load  Cairying  Equipment,  158 
Local  Control  Panel  (LCP)  MK  323  Mod  0, 

411  ^        •  " 
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Logic  Circuit  Operation,  221-22S 
Logic  Diagrams,  219-223 

logic  circuit  operation,  221-223 

logic  symbols,  220 
Logic  Symbols,  220 
Lot  Numbers,  Gun  Ammunition,  47 
Lubricants;  476-479 
Lubricating  Target  ^Symbol,  480 
Lubricatii^  Tools,  481-483 
Lubrication,  ,476-487 

^te^mates  and  substitutes,  480 

autliorized  cleaning  and  preserving 
materials,  484-486 
\  «ttii^,483 

greases,  479 

instructions  anJ  charts,  480 
lubricants,  476-479 
lubricating  target  symbol,  480 
lubricatii^  tools^,  481-483 
nailitary  symboroils,  479 
stowage  of  lubricants,  486 


M 


M14  Rffle,  95-108  . 
field  stripping;  101-103 
firing,  99 

grenade  Immcher  M76,  103-106 
grenade  firing  with  MI4, 106 
M14  rifle  controls,  95-99  . 
Maintenance,  107 

unloading,  100  '     '  ^ 

M16A1  Rifle,  108-115 

clearing,  109  / 

field  stripping,  110-112 

maintenance,  115  ^.^-^ 

operatini;,  112-115 
Machinegun,  7,62  MM  M60, 137 
-  '  casualties,  137 

field  stripping,  140 

general  description  and  data,  137 

loading  and  firing,  137 
Machineguns,  123-140 
J.62-MM  160, 137 
^Browning  caliber  ,50,  M2, 123-187 
Machineguns  and  Small  Arms,  84-152 
Magazines,  48-77 

designations,  "50 

inspections  of,  51-54    * . 

security,  50 

sprinkling  alarm  syst^s^  76 
sprinkling  system,  64-76 
types  of,  48-50 

Magazines  and  Ant^nunition,^  31-83  -  - 


Maintenance,  474-5J8  ^ 
•   electrical  equipment,'  487-489. 
^  gun  bores  and  chambers^  496-499 

hydraulic  equipment,  489-493 

information  sources,  504 

preventive  and  emergency,  474-476  . 

safety,  499 

safety  markings,  501 
Maintenance  ^  Electrical  Equipment,  487-489 
Maintenance,  Hydraulic  Equipment,  489-493 
Maintenance  Information  Sources,  504 

OP-0,  504* 

ordnance  data,  504  * 

ordance  publications,  504  . 
!Aaintenance  of  Gun  Bores  and 'Chambers, 
496-499 

after-firing  care,  497:^99 

preparation  for  firing  J 497 . 

tools  used,  496  - 
Maintenance,  Preventive  and  Emergency^ 
N  474-476 
^fcndatory  Turn-In  Repairaoles,  517 
MfiJrine  Location  Markers,  22  . 
Mechanisms,  Basic,P173-l94 
Mechanisms,  Breech,  359r392 
Sfechaniebis,  HydrauHc,  247-258 
Mount  Classifications,  310    ^  ,     .  ' 

battery,  310  ^  _ 
.  features,  311 

function,  311  f 
Mount  Components,  Gun,  303-31O  \ 
Mounts  and  Turrets,  '464 
-  Mounts;  Gun,  303-358 


N 


'NACO  (Navy  Cool),  1^  / 
Naval  Gunfire  Support)  433-439 
•   Classification  of  gunflffe, .434-436 
^    communications,  436^  '  ^ 

operations,  436-439- 
purpose,  433  • 
Noi^wlntlng  Zones,  386-389 
automatic  operation,  386-388 
'  firing  cutout,  388  ^ 
Nonsparking  Tools,  495 


Oper.atlon  Cycles  of  Small  Arms  and 
MachinegunB,  84-86 
>^hamberlng,-  85     -    .        ^  ' 
'"-^cocking,  86  .       '     ^ , 

ejection,  86  -  ^ 

extracting,  85        "  / 
.  feeding,  85 


INDEX 


Operation  Cycles  of  Small  Arms  and  , 
Machineguns,  (continued) 
firing,  85 

I&cking,  85  '  '  ^ 

unlocWng,  85 
O'P-0,  504 
Ordnance  Data,  504 
.     Ordnance  Drawings,  505-512*^  . 

hydraulic  diagrams,  507-511 

^illustrated  parts  breakdown,  507 
"     p^  '.numl)ers,  511 

type;5  of,  505-507 
Ordnanfce  Hydraulics,  244-247 
'  advantages  of  hydraulic  systems,  245 

forces  in  hydraulic  systems,  245 

friction,  246 

liquids  in  motion,  245  ^  * 

physical  properties  of  liquids,  244  ^ 
properties  of  hydraulic  fluid,  246 

Ordnance  Publications,  504 

Orifices,  247 

N  P 

Point  Defense,  400-408 

guided  missile  launching  system  MK  25, 

401-408:^      '  ; 

Power  Drive",  Electric-r Hydraulic,  296-298 
Power  Drive  Fundamentals,  Electro-Hydraulic, 

244-302 
Power  Tools,  493 
*  Pressure  Gages,  496  ,  . 

Preventive  and  Emergency  Maintenance, 
474-476. 

general  maintenance,  475 

Inspection  and  testing  equipment,  476 

maintenance  by  ship's  force,  tender,  and 
Navy  yard,  475 
Projectiles,  34-41 

classification  of,  34-38 

rocket  assisted,  38-41 
Projectors  and  Rocket  Launchers,  393-417 
Propelling  Charges— Gun  Ammunition,  31-34 
Pumps,  Hydraulic,  251-258 
Pyramiding,  Sppt^  443 
Pyrotechnic  Kffcs,  28  * 
Pyrotechnic  pistol  AN-MB,  27  ^ 
Pyrotechnics,'22-29  '  , 

distress  signals,  27    ,  - 

maHne  location  markers,  22 

Navy  lights,  28 

pyrotechnic  kits,  28 

pyrotechnic  pistol  AN-M8,  27  , 

Signal  llgjits,  25-27 

smoke  and  flare  markers,  23-25 
Pyrotechnics  and  Explosives,  l2%)^ 
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Radar  MK  53,  472 

Rating,  Gunne2**s  Mate  G,  1-11 

Rating  Structure,  Enlisted,  1-4  ^ 

Receiver  Regulator,  270-296 

amplifier,  284  ,  s  ^ 

dontrol  section,  278  -  , 
corrective  devices',  275-278 
dual  synchro  systems,  29l-29j5 
electrohydraulio;  servo  valve,  284-287 
electro  servo  control  unit,  287 
error  detection,  279-284' 
indicating  section,  270-275 
rectification,  289-291     *    .  > 
synchro  changi^ver  unit,  288 
Remii^n  Shotgun  M870,  115-117 
Remote  Control  Gun 'Laying,  458 
Remote  Control  Gunfire,  457  »  - 
Remote  Control  Panel '(RCP)  MK  324 
Mods  0  and  1,  411 
Repairables,  Mandatory  Turn-In,  5l7 
Repair  Equipment,  493-496 
hand|oijas^"493 

measurii^g  tools  And  .gages,  494 
^honsparking  tools,  495  ' 
.  ;  power  tools,  493 
pressure  gages,  496 
rules  applicable  to  repair'tools  before 
a  job,  495 
.  special  tools^  495 
torque  wrenches,  494 
Rocket  Assisted  Projectiles,  38-41 
Rocket  Launcher  Mount  MK  36  Mod  1, 
408-411 

Rocket  Launchers  and  Projectors,  393-417 
.  S 


Safeguarding  Classified  Matter,  518 
Safety  In  Rocket  Launchers  and  Projectors, 
414-417 
ASW  weapon,  415 

guided  missile  launching  system,  415 
rocket  launching  system  MK  28  Mods  1 
and  5,  4l6  ' 
Safety  In  Using  E3q)losives,  29 
Salvo  Latch,  3e^S73 
Search  Radar  and  IFF 
Security  of  Magazines,  50  -     .  * 
Semiautomatic  and  Automatic  Firing 

SystemSj  86 
Setvice  Explosives,  16-22 

ballistite,  17     ^  ,    -  *  < 

^  black  powder,^l6 
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Service  Explosives  (continued) ' 

booster  explosives,  1 8  ' 

fille:!:  (burster)  explosives^  l9-2l 

high  explosives  compounds,  21* 

initiating  explosives,.  17 

NACO  (Navy  Cool),  17 

smokeless  powder,  16 
Servomechanisms,  269 

.  servo  control  requirements,  270 
Shipboard  Examinations,  48 
Ship's  Landing  Party,  153-160  ^' 

equipment  for,  155 

load  carrying  equipment,  158 

organization  of,  154 

protfective  equipment,  155-158 

uniforms,  155* 

wearing  load  carrying  equipment,  159 

wearing  of  equipment,  155 
Shotguns,  115-120   '  * 

maintenance,  117-120  ^ 

Remington  Shotgun  M870, 115-117 
Shoulder  Weapons,  95-115  . 

grenade  launcher  M76, 1P3-106  , 

M14  Rifle,  95-108> 
-   M16A1  Rifle,  108-115 
Sights  and  Ranges,  Qun,  451-455 
Signal  liights,  25-27 
Sliding- Wedge  Breechblock,  359-382 

breech  interlock  Mechanism,  373-375 

•breech  operating  mechanism 
(5'y38),S60-364 
^  firing  mechanism,  377-382 

*  firing  system,  375-377 
Salvo  latch,  364-373 

SmairAnns  and  Machineguns,  84-152 

I  cycles  of  operation,  84-86 

safety  precautions,  l43-i50 
Smith-WessdisRevolver,  .38  Caliber, 

93-95 

Smoke  anjd  Flare  Markers,  23-25 
Sniokeless  Powder  Explosives,  16 
Sources  of  Maintenance  Information,  504 
Spotting,  439-448     .  ^  , 

definitions,  439 

local' control,  444-447  • 

•  methods,  441-443 
spot  pyramiding,  443 

.  ,  spotters  pix)blem,  447 

the  spotter,  440 
. .  "^iih  radar,  443 


Springs,  188-190 
Sprinkling  Alajym  Systems,  76 
Sprinkling  System,  Magazine ,^54-76*' 
^        "  Sprockets  and  Chains,  186  ^  t 

.  Stable  Element  MK  16,  472  ' 
^       '<  Star-Shell  Computer  MK  1,  472 

Stow, and  Issue  Small  'Arms,  KO-152 
Synchro  Changeover  Unit,  288" 
Synchro  Circuits,  223-237  "  ^ 
advantages"  of,  223-225  ! 
basic  principles  of,  225  •? 
electrical  zero,  228-230 
'  electrical  zero  conditions,  230. 

purpose  of,  223 
synchro  system,  226-228  *  ' 
zeroing  procedures,  230-2^7 


Target  Symbol,  Lubricating,  480 
Techniques  And  Instruments  of  Fire 

Control,  450-473 
Testing  Firing  Systems,  389-392 
Three-M  (3-M)  System,  501-504 

logs,  503  « 

reports  and  records,  502  1 
Tools,  lubricating,  481-483  ^ 
Torque  Wrenches,  494  . 
Tramming,  514-517       *  , 
Transistors'',  2l3-2l9 

troubleshooting  transistor  circuits,  2i8 
Transmission,  Cab  .Hydraulic  J  258-269 
Tube  Circuits,  Electron,  237-242 
'  Turn-In  Repairabl'es,  l^andatory,  517  . 
Turrets  and  Mounts,  464  ! 


Valv,es,  248-251 
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Wheels  and  BeisOfings,  176-178 
Wiring  Diagrams,  487  ^  • 

1  I 


Zones,  Nonpointing,  386-38? 
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